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ABSTRACT 

This  packet  contains  learning  modules  designed  for  a 
self-paced  course  in  aircraft  environmental  systems  mechanics  that 
was  developed  for  the  Air  Force 
all  of  the  following  materials: 
procedures,  information  sheets, 
answers,  review  section,  tests, 
in  the  learning  modules  are  the 
temperature  control  system,  air 
maintenance  management, 
technical  order  system, 

circuits,  parallel  circuits,  series-parallel  circuits,  relays,  DC 
motors,  temperature-controlling  bridge  circuits,  temperature  control 
circuits  wiring,  alternating  current,  capacitance,  inductance,  AC 
motors,  solid  state  devices,  magnetic  amplifiers,  trainer  aircraft 
air  conditioning  systems,  decade  re*  3tor%  fighter  bleed  air 
systems,  temperature  control  panel,  windshield  temperature  control 
cirr-it,  rain  removal  system,  and  refrigeration  system.  (KC) 


Learning  modules  consist  of  some  or 
objectives,  instructions,  equipment , 
handouts,  workbooks,  self -tests  with 
and  response  sheets.  Topics  covered 
following:  air  conditioning  system, 
supply,  wiring,  anti-icing  system, 
inspection  system,  maintenance  system, 
aircraft  hardware,  Ohm's  Law,  series 
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OBJECTIVE 


After  completion  of  this  programmed  text,  you  will  associate  each 
equipment  air  conditioning  component  with  its  operation  with  a  minimum 
of  80%  accuracy. 

INSTRUCTIONS 

This  programmed  text  presents  information  in  small  steps  called 
"frames.11    After  each  frame  you  are  asked  to  respond  to  the  information 
in  some  way.    Read  the  material  and  make  your  response.    Compare  your 
answers  with  the  correct  answers  given  on  the  top  of  the  next  frame. 
If  you  find  you  are  incorrect,  reread  the  frame  to  get  the  correct 
information.    If  you  are  right,  and  you  understand  the  information 
presented  in  that  frame,  proceed  on  to  the  next  frame.    DO  NOT  skip 
ahead  unless  the  text  directs  you  to  do  so. 

Remember,  you  are  not  graded  on  how  fast  you  go.    You  will,  however 
be  required  to  take  an  appraisal  on  the  material  to  determine  what  you 
have  learned. 
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Frame  1 


In  this  text  we  will  cover  the  operation  of  the  third  air  condi- 
tioning system.    The  first  one  was  the  system  on  the  trainer  aircraft. 
It  was  the  basic  air  conditioning  system.    The  second  one  was  the 
cabin  system  on  the  more  complex  fighter  aircraft. 

The  third  system  is  also  on  the  fighter  aircraft.    It  is  known  as 
the  equipment  air  conditioning  system.    As  its  name  implies,  it  is  an 
air  conditioning  system  for  the  equipment. 

Now  you're  asking  yourself,  "What  equipment711    Well,  certain 
electronic  equipment  on  the  aircraft  will  get  hot  during  continuous 
operation.    This  can  be  compared  to  a  radio  or  TV  set.    If  you  leave 
the  set  on  for  awhile,  you  can  feel  the  heat  coming  from  the  back  of 
the  set.    You  cm  imagine  how  much  damage  this  heat  could  do  if  it 
was  allowed  to  increase.    You  can  see  that  if  a  small  air  circulating 
fan  were  mounted  inside  your  TV,  the  TV  tubes  would  last  longer.  This 
will  give  you  an  idea  as  to  why  it  would  be  beneficial  to  have  a 
complete  air  conditioning  system  just  for  cooling  the  electronic 
equipment  in  an  aircraft. 

Here  are  three  good  reasons  for  having  an  equipment  cooling  system. 

1.  Extends  component  life  (makes  them  last  longer). 

2.  Prevents  critical  resistors  from  changing  their  value. 

3.  Prevents  heat  damage  to  equipment  located  in  the  same  area, 
such  as  electrical  wiring,  fuel  lines,  etc. 

Fill  in  the  blanks  to  complete  the  following  statements. 

1.      Keeping  electronic  components  cool  will  make  the  components 


2.  The  equipment  cooling  system  is  used  to  cool  

equipment. 

3.  The  main  purpose  of  the  equipment  air  conditioning  system  is 

to  remove  the    generated  by  certain  electronic 

equipment. 


Answers  to  Frame  1:    1.     last  longer      2.    electronic      3.  heat 


Frame  2 


The  air  conditioning  components  for  th^  equipment  air  conditioning 
system  are  grouped  into  an  assembly  called  the  "EQUIPMENT  IEFRIGERATIO " 
UNIT."    This  unit  is  often  referred  to  as  the  air  conditioning  package. 

The  illustration  on  the  opposite  page  shows  the  equipment  refri- 
geration unit      The  numbered  arrows  point  to  the  major  components  and 


to 

the  air  inlet  and  outlets.  These 

items , 

with  corresponding  numbers 

are 

listed  below. 

1. 

Engine  bleed  air  inlet  <?act 

8. 

Turbine  bypass  valve 

2. 

Heat  exchanger 

9. 

Equipment  air  outlet  duct 

3. 

Ram  air  inlet  duct 

*0. 

Radar  compartment  air  outlet 

4. 

Ram  air  outlet  duct 

11. 

Temperature  sensor 

5. 

Ground  cooling  ejector 

12. 

Temperature  limiter 

shutoff  valve 

13. 

Ram  air  shutoff  valve 

6. 

Pressure  regulator  and 

shutoff  valve 

14. 

Ram  air  check  valve 

7.      Turbine  assembly 


In  the  frames  that  follow,  each  of  these  components  will  be 
described.    As  each  component  is  described,  you  should  refer  back 
to  the  illustration  of  the  refrigeration  unit.    This  will  help  you 
see  how  each  component  makes  up  part  of  this  system. 

NO  RESPONSE  REQUIRED 


® 


1.  Engine  bleed  air  inlet, 

2.  Heat  exchanger, 

3.  Ram  air  inlet  duct, 

4.  Ram  air  exit  duct. 

5.  Ground  cooling  ejector  shutoff  valve, 

6.  Pressure  regulator  and  shutoff  valve. 

7.  Turbine  assembly. 

8.  Turbine  bypass  valve. 

9.  Equipment  air  outlet  duct. 

10.  Radar  compartment  air  outlet  duct. 

11.  Temperature  sensor. 

12.  Temperature  limiter, 

13.  Ram  air  shutoff  valve. 

14.  Ram  air  check  valve. 


ERJC 


Frame  3 


In  several  of  the  following  frames,  small  schematic  diagrams  will 
be  used  to  show  you  how  the  air  flows  through  this  system.  These 
diagrams  are  simplified  and  will  shew  only  a  part  of  the  system.  As 
you  progress  through  the  text,  components  will  be  added  until  the 
system  is  complete. 

For  example,  the  diagram  on  page  6  shows  only  the  flow  of  air 
from  the  bleed  air  system  to  the  heat  exchanger.  By  following  the 
airflow  on  these  diagrams,  it  should  make  it  easier  for  you  to  see 
haw  each  component  fits  into  this  system. 

From  your  studies  of  the  trainer  and  figjhter  type  aircraft  cabin 
air  conditioning  systems,  you  should  recall  that  the  source  of  air  for 
the  air  conditioning  systems  is  from  the  engine  bleed  ail  system. 
Remember,  this  is  hot  high  pressure  air. 

In  the  previous  systems  that  you  studied,  the  first  unit  in  the 
system  was  the  shutoff  valve.    Well,  the  equipment  system  is  different. 
The  first  unit  in  this  system  is  the  heat  exchanger.    A  system  shutoff 
valve  is  used,  but  in  this  system,  it's  located  after  the  heat  exchanger. 

Follow  the  arrows  in  the  diagram  and  notice  that  the  bleed  air 
flows  to  the  heat  exchanger.    This  is  an  air-to-air  type  heat  exchanger, 
similar  to  the  cabin  system  heat  exchanger.    The  bleed  air  flows  through 
the  tubes  of  the  heat  exchanger.    Ram  air  flows  in  the  ram  air  inlet, 
over  the  tubes  and  out  the  ram  air  outlet. 

The  heat  from  the  bleed  air  is  transferred  to  the  ram  air  and 
carried  overboard  through  the  ram  air  outlet.    The  heat  exchanger  is 
the  first  stage  of  cooling  for  this  system.    The  bleed  air  leaving  the 
heat  exchanger  is  referred  to  as  "partially  cooled  air. 11 

Remember,  the  ram  air  flows  across  the  heat  exchanger  tor  cooling. 
It  does  not  mix  with  the  bleed  air. 

Fill  in  the  blanks  to  complete  the  following  statements. 

1.      The  unit  that  partially  cools  the  bleed  air  is  the   


2.  The  heat  exchanger  is  the   stage  of  cooling. 

3.  The  source  of  air  for  the  equipment  air  conditioning  system 
is  the      system. 


4.      As  the  bleed  air  passes  through  the  heat  exchanger,  the  heat 
is  removed  by  the  • 


5. 


The  engine  bleed  air  leaving  the  heat  exchanger  is  called 

 air. 


ERIC 


Answers  to  Frame  3:    1.    heat  exchanger      2.    first      3.    bleed  air 

4 .    ram  air      5 .    partially  cooled 

Frame  4 

During  flight,  the  forward  movement  of  the  aircraft  provides 
sufficient  ram  airflow  for  heat  exchanger  operation.    However,  when 
the  aircraft  airspeed  is  low  or  the  aircraft  is  on  the  ground,  ram 
airflow  stops.    Naturally,  if  there  is  no  cooling  ram  airflow,  heat 
exhanger  efficiency  is  lost. 

Remember,  on  the  cabin  system,  a  ground  cooling  ejector  assembly 
was  used  to  pull  ram  air  across  the  heat  exchanger.    The  equipment 
system  also  has  a  ground  cooling  ejector  assembly  that  serves  the  same 
purpose  and  operates  the  eame  way.    The  ejector  assembly  consists  of 
a  ground  cooling  ejector  shutoff  valve  and  an  ejector  nozzle. 

In  the  illustration  on  page  8,  notice  that  bleed  air  is  tapped 
from  the  hot  air  duct  before  it  enters  the  heat  exchanger.    This  air 
is  directed  to  the  ground  cooling  ejector  shutoff  valve. 

When  the  landing  gear  handle  is  placed  to  the  gear  down  position, 
a  microswitch  on  the  gear  handle  directs  electrical  power  to  the  open 
side  of  the  valve.    The  ground  cooling  ejector  shutoff  valve  then  moves 
to  the  open  position.    This  allows  the  bleed  air  to  spray  out  of  the 
ejector  nozzle. 

This  action,  you  should  recall,  causes  air  to  be  pulled  in  the 
ram  air  inlet,  thereby  creating  a  "ram'1  air  action  across  the  heat 
exchanger.    This  action  lets  the  heat  exchanger  operate  as  if  it  were 
actually  getting  cooling  air  by  ram  action. 

Fill  in  the  blanks  to  complete  the  following  statements. 

1.      The  ground  cooling  ejector  assenfcly  consists  of  a  ground 
cooling  ejecto*:      and  an  ejector 


2.  The  ground  cooling  ejector  shutoff  valve  is  controlled  by  a 
switch  on  the      • 

3.  Directing  bleed  air  through  the  ejector  nozzle  causes 

  air  to  flow  over  the  heat  exchanger  tubes. 

Energize  the  auxiliary  relay,  pulling  its  armature  down.  This 
will  not  direct  electrical  power  to  the  open  side  of  the  ejector 
valve. 


mc  ii 


Answers  to  Frame  4:    1.    shutof f  valve  nozzle      2.    landing  gear  handle 


3.  ram 

Frame  5 

The  equipment  system  ground  cooling  ejector  3hutoff  valve, 
illustrated  below,  is  identical  to  the  ground  cooling  ejector 
shutoff  valve  used  :ln  the  cabin  air  conditioning  system. 

It  is  a  butterfly  type  valve,  actuated  by  a  28  vol*-  DC  motor. 
The  valve  has  a  position  indicator  (pointer)  that  shows  when  the 
valve  is  open  or  closed. 


Fill  in  the  blanks  to  complete  the  following  statements. 

1.      The  unit  that  controls  the  airflow  to  the  grcand  cooling 
ejector  nozzle  is  the  ground  cooling  _^  _  i  


2.  For  the  ground  cooling  ejector  assembly  to  operate,  the 
landing  gear  handle  must  be   (up /down)  . 

3.  The  ground  ceding  ejector  shutoff  valve  is  actuated  by 
a  V  DC 


4.      When  the  landing  gear  handle  is  in  the  gear  up  position, 

28V  DC  is  directed  to    (open/close)  the  ground 

cooling  ejector  shutoff  valve. 


• 


Answers  to  Frame  5; 


1, 
4. 


ejector  shutcff  valve      2.    down     3.    28,  motor 


close 


Frame  6 


9 
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After  the  air  is  partially  cooled  by  the  hea^  exchanger  it  goes 
to  the  pressure  regulator  and  shutoff  valve.    The  illustration  below 
shows  the  pressure  regulator  and  shutoff  valve.    The  arrows  show  the 
bleed  airflow  through  the  heat  exchanger  and  pressure  regulator  and 
shutoff  valve. 

The  equipment  system  pressure  regul  tor  and  shutoff  valve  is 
similar  to  the  cabin  system  pressure  regulator  and  shutoff  valve. 
Remember,  it  served  two  purposes,     rhe  equipment  system  pressure 
regulator  and  shutoff  valve  also  servts  two  purposes. 

The  two  purposes  are  just  as  the  name  implies,  that  is,  to  serve 
as  a  control  for  stopping  or  starting  the  system,  and  for  regulating 
the  pressure  going  through  the  equipment  air  conditioning  system  The 
pressure  is  regulated  at  106  psi. 


AIR  SYSTEM 


Fill  in  the  blanks  to  complete  the  following  statements. 


1.  The  unit  that  controls  the  pressure  of  the  partially  cooled 

air  is  the  and  shutoff  valve. 

2.  The  unit  used  to  shutoff  the  equipment  air  conditioning  system 
^s  the 


11 


13 


Answers  to  Frame  6:    1.    pressure  regulator      2.    pressure  regulator  and 


The  pressure  regulator  and  shutoff  valve,  shown  below,  is  a  solenoid 
controlled,  air  actuated  valve* 

This  means  electrical  power  is  required  to  energize  the  solenoid 
and  air  pressure  is  required  to  actuate  (move)  the  valve  open. 


Referring  back  to  the  illustration  in  frame  6 ,  note  that  air  is 
tapped  off  upstream  of  the  butterf1y  and  sent  through  the  solenoid  to 
the  valve  actuator. 

When  the  solenoid  is  e:  ergized,  as  shown,  this  air  is  sent  to  the 
top  of  the  actuator  which  forces  the  actuating  piston  down.    This  opens 
the  valve. 

When  the  soleno"f*        deenergized,  air  is  vented  from  the  top  of 
the  actuator  which  T    \       -  the  spring  close  the  valve.    However,  air 
is  also  rant  from  .jnoid  to  the  bottom  of  the  actuator  where  it 

aids  the  spring  and  insures  positive  closing  of  the  valve. 

When  the  valve  opens,  the  downstream  pressure  builds  up  to  106 
psi.    This  pressure  is  sensed  by  a  pressure  control  device  on  the  valve. 
The  press'  e  control  device  causes  the  valve  to  maintain  a  partially 
open  position,  sufficient  to  maintain  the  106  psi  through  the  system. 

The  illustration  in  frame  6  also  shows  a  basic  electrical  schematic 
for  solenoid  operation.    Notice  that  power  goes  directly  from  the  circuit 
breaker  to  the  solenoid.    There  is  no  control  switch  for  turning  the 
system  on  or  off. 

Under  normal  conditions,  when  electrical  power  is  applied  to  the 
aircraft,  the  pressure  regulator  and  shutoff  valve  solenoid  will  be 
energized.    Then  as  the  engines  are  started  and  bleed  air  is  available, 
the  equipment  air  conditioning  system  will  start  operating  automatically. 


shutoff  valve 


Frame  7 


ERIC 
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Frame  7  (Continued) 

If  it  is  desired  to  shut  this  system  off ,  '.he  equipment  cooling 
circuit  breaker  can  be  pulled.    This  will  stop  electrical  current 
going  to  the  solenoid,  causing  the  solenoid  to  deenergize,  closing  the 
pressure  regulator  and  shutoff  valve. 

Fill  in  the  blanks  to  complete  the  following  statements. 

1.      The  pressure  regulator  and  shutoff  valve  is  controlled  by 
a  and  actuated  by  


2.      When  the  solenoid  is  deenergized,  the  valve  is  closed  by 

tension  and    


3.  When  the  engines  are  operating,  to  turn  off  the  equipment 

air  conditioning  system,  the  

must  be  pulled. 

4.  Operation  of  the  pressure  regulator  and  shutoff  valve, 
requires      and  power. 

5.  The  pressure  regulator  and  shutoff  valve  will  maintain  a 
constant  pressure  of    psi. 


13 


Answers  to  Frame  7  :    1 . 


solenoid    air  pressure      2 .    spring    air  pressure 


3. 


circuit  breaker 


4. 


air  pressure      28V  DC 


5. 


106 


Frame  8 


The  sketch  below  shows  the  partially  cooled  air  flowing  to  the 
turbine  inlet  of  the  turbine  assembly.  The  turbine  assembly  is  the 
second  and  final  stage  of  cooling  for  this  system. 

The  partially  coolad  bleed  air  is  piped  to  the  inlet  of  the  turbine 
assembly.    This  air  s\>ins  the  turbine,  lets  go  of  its  heat  energy,  and 
comes  out  of  the  turbine  outlet  as  very  cold  air.    The  operation  of  this 
turbine  assembly  is  tie  same  as    hose  you  have  studied  previously. 

As  the  ait  goes  in  the  turbine  inlet,  it  passes  through  several 
small  nozzles  which  direct  the  air  to  the  turbine  wheel.    This  will 
cause  the  turbine  wheel  to  spin  and  will  result  in  rapid  expansion  of 
the  air.    When  air  is  expanded,  the  temper at ure  drops.    This  process 
of  cooling  the  air  is  known  as  rapid  expansion. 

Note  in  the  sketch  that  the  turbine  and  fan  are  connected  by  a 
shaft.    As  the  turbine  wheel  spins  it  also  turns  the  fan.    The  fan 
pulls  ram  air  in  through  the  ram  air  inlet,  and  over  the  heat  exchanger 
tubes. 

The  ram  air  passes  through  the  fan  and  is  discharged  overboard. 
In  this  process  the  fan  is  putting  a  workload  uu  the     irbine.  By 
putting  a  workload  on  the  turbine,  the  fan  is  taking  energy  from  the 
turbine.    This  \ akes  the  heat  energy  from  the  air  and  converts  it  to 
mechanical  energy.     By  putting  a  workload  on  the  turbine,  the  fan  also 
helps  to  keep  the  turbine  fro*  overspeeding. 


1A 

16 


Fill  in  the  blanks  to  complete  the  following  statements. 

1.  The  partially  cooled  air  contains  energy  in  the  form  of 

energy. 

2.  When  the  air  drives  the  turbine  and  fan,  the  heat  energy  is 
changed  to    energy. 

3.  The  turbine  assembly  cools  air  by   and 

by  changing    energy  to   energy. 

4.  The  fan  pulls   air  over  the  heat  exchanger  tubes. 


ER?C 


15 


17 


Answars  to  Frame  8:     1.    heat    2.    mechanical    3.     rapid  expansion 

heat  mechanical 

4.  ram 


Frame  9 

lue  sketch  below  shows  a  second  ejector  nozzle.    Note  how  the  air 
from  the  fan  is  directed  through  this  nozzle.    Tha  action  of  the  fan  and 
this  elector  nozzle  increases  the  ram  airflow  across  the  heat  exchanger* 

The  fan  pulls  ram  air  across  the  heat  exchanger,  and  as  this  air 
is  discharged  through  the  fan  ejector  nozzles,  it  causes  a  low  pressure 
area  behind  the  nozzle  assembly.    The  low  pressure  area  then  causes  air 
to  be  pulled  in  through  the  ram  air  inlet  and  across  the  heat  exchanger. 


Fill  in  the  blanks  to  complete  the  following  statements. 


1.  The  fan  and  ejector  nozzle  help  to  pull     

across  the  heat  exchanger. 

2,  The  airflow  across  the  heat  exchanger  is  increased  when  the 
aircraft  is  on  the  grourd  and  in  flight  by  the   

and  . 


16 
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Answers  to  Frame  0 :    1 .    ram  air      2 .    fan     ejector  nozzle 

Frame  10 

In  the  system  that  we  have  assembled  so  far,  we  can  get  only  cold 
air.    From  the  previous  systems  that  you  have  studied,  you  should 
recall  that  temperature  can  be  controlled  by  mixing  the  hot  and  cold 
air  together.    Let  us  see  how  it  is  done  in  this  system. 

In  the  sketch  shown,  a  turbine  bypass  valve  has  been  added.  The 
purpose  of  this  valve  is  to  control  the  temperature  of  the  conditioned 
a^r  going  to  the  electronic  equipment  compartments.    It  does  this  by 
either  directing  the  partially  cooled  air  in  or  by  bypassing  the  turbine. 

If  the  system  calls  for  cold  air,  the  valve  starts  to  close, 
directing  more  air  to  the  turbine.    Now  the  electronic  compartments 
get  cold  air. 

If  the  system  calls  for  hotter  air,  the  bypass  valve  opens  and 
air  bypasses  the  turbine.    Now  the  electronic  equipment  compartments 
feet  warm  air.    The  desired  temperature  is  kept  by  mixing  the  cold  air 
from  the  turbine  and  the  warm  air  from  the  turbine  bypass  valve. 
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Frame  10  (Continued) 

Fill  in  the  blanks  to  complete  the  following  statements. 

1.      The  temperature  of  the  air  entering  the  equipment  compartments 
is  controlled  by  the  position  of  the     


2.  When  the  turbine  bypass  valve  is  fully  closed,  the  air  entering 
the  equipment  compartments  will  be  (cold/hot)  . 

3.  If  the  system  calls  for  warmer  air,  the  turbine  bypass  valve 
will  move  toward  the    (open/closed)  position. 
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Answers  to  Frame  10:    1.    turbine  bypass  valve      2.    cold      3.  open 

Frame  11 

The  turbine  bypass  valve  is  shown  below.    This  is  a  butterfly 
type  valve,  actuated  by  a  28  volt  DC  motor. 

A  position  indicator  is  found  at  the  top  of  the  actuator.  The 
position  indicator  shows  the  position  of  the  butterfly  and  is  marked 
OPEN-CLOSED . 


ELECTRICAL 
CONNECTION 


AIRFLOW 


Remember,  when  the  valve  is  OPEN,  the  system  is  getting  maximum 
hot  air. 


When  the  valve  is  closed,  the  system  will  receive  maximum  cold 


air. 


Control  of  this  valve  is  fully  automatic.    There  is  no  manual 
control  of  thi~!  system  as  there  is  in  the  cabin  system. 

Fill  in  the  blanks  to  complete  the  following  statements. 

1.      The  turbine  bypass  valve  is  actuated  by  a   


3. 
4. 

5. 


When  the  turbine  bypass  valve  is  installed  on  the  refrigeration 
unit,  the  tuition  of  the  butterfly  can  be  determined  by 
observing  the  m  

Operation  of  the  turbine  bypass  valve  is  completely   . 


The  desired  temperature  is  maintained  in  the  electronic 
compartments  by  mixing  _    and  air. 

Any  time  the  equipment  air  conditioning  system  is  on, 
operation  of  the  turbine  bypass  valve  is  fully   


ERLC 
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Answers  to  Frame  11:    1.    28V  DC    motor      2.    position  Indicator 

3.    automatic      4.    hot    cold      5.  automatic 

Frame  12 

This  frame  is  designed  to  check  your  understanding  of  the  informa- 
tion that  has  been  given  so  far.    You  are  to  fill  in  the  blanks  to 
correctly  complete  each  of  the  following  statements.    Completing  the 
statements  may  require  one  or  more  words.    Try  to  complete  each  statement 
without  looking  back.    Then  check  your  answers  at  the  back  of  the  text. 
If  your  answers  are  incorrect,  then  back  up  and  reread  the  frame  that 
gave  the  information. 

1.      The  first  stage  of  cooling  is  the     


2.  As  the  bleed  air  flows  through  the  heat  exchanger,  the  heat  is 
transferred  to  the  . 

3.  The  unit  that  helps  to  pull  ram  air  across  the  heat  exchanger 
when  the  aircraft  is  on  the  ground  is  the     


4.  The  ground  cooling  ejector  3hutoff  valve  is  controlled  by 
the    . 

5.  The  ground  cooling  ejector  shutoff  valve  i3  actuated  by  a 


6.  The  unit  that  controls  system  pressure  at  106  psi  is  the 
    and     f 

7.  The  pressure  regulator  and  shutoff  valve  is   

controlled  and   actuated. 

8.  The  pressure  regulator  and  shutoff  valve  is  held  closed  by 

_  and 


9.      The  pressure  regulator  and  shutoff  valve  will  open  when  the 
solenoid  is    « 

10.      Yhe  second  stage  of  cooling  for  the  equipment  system  is  the 


11.      The  unit  that  directs  bleed  air  either  into  or  around  the 
turbine  assembly  is  the  


12.      The  turbine  assembly  is  driven  by 


13.  Temperature  control  is  accomplished  by  mixing   

and    . 

14.  During  flight,  the  units  that  help  to  pull  ram  air  across 

the  heat  exchanger  are  the    _  and   

  nozzles .  ~ 


15.      With  the  turbine  bypass  valve  closed,  if  the  system  fails  to 

deliver  cold  air,  either  in  flight  or  on  the  ground,  a  probable 
defective  unit  would  be  the  _______    . 
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FROM  BLEED 
AIR  SYSTEM 


ERIC 


Answers  to  Frame  12:    1.    heat  exchanger    2.    ram  air    3.  ground 

cooling  ejector  assembly    4.     landing  ^ear  handle 
5 .    28V  DC  motor    6 .    pressure  regulator  and 
shutoff  valve    7 .    solenoid  air    8 .    spring  tension 
air  pressure    9.    energized    10.    turbine  assembly 
11.    turbine  bypass  valve    12.    bleed  air 
13.    hot  and  cold  air    14.     fan    fan  ejector 
15.    turbine  assemb ly 

Frame  13 

L±Y?.  any  other  system,  there  is  always  the  chance  of  a  malfunction 
that  wo  aid  cause  the  air  conditioning  system  to  be  inoperative.  For 
example,  the  pressure  regulator  and  shutoff  valve  could  fail  to  work 
and  stay  closed,  or  the  system  could  overheat  due  to  the  loss  of  the 
turbine  assembly  or  the  bypass  valve. 

In  any  case,  this  would  stop  the  flow  of  conditioned  air  to  the 
electronic  compartments.    However,  it  is  important  that  some  form  of 
cooling  air  be  available  to  prevent  complete  failure  of  the  electronic 
equipment • 

In  case  of  failure  of  the  air  conditioning  system,  a  ram  air  shutoff 
vrlve  is  provided  that  will  open  automatically  and  allow  ram  air  to  flow 
through  the  electronic  equipment  compartments.    This  is  an  emergency 
way  to  get  some  cooling  airflow. 

The  sketch  on  the  opposite  page  shows  the  ram  air  shutoff  valve  and 
a  ram  air  check  valve  added  to  our  system.    The  check  valve  will  be 
explained  in  a  later  frame. 

The  ram  air  shutoff  valve  will  be  open  any  time  the  pressure  regulator 
and  shut-ff  valve  is  closed.    Notice  that  when  the  ram  air  valve  is 
open,  ram  air  can  flow  from  the  ram  air  inlet,  through  the  ram  air  shutoff 
valve  and  to  the  electronic  compartments. 

Control  of  the  ram  air  valve  is  completely  automatic.  During 
normal  operation  of  the  air  conditioning  system,  the  ram  air  valve  will 
be  held  closed  by  air  pressure  from  the  pressure  regulator  and  shutoff 
valve.    If  there  is  no  bleed  air  in  the  system,  or  if  the  pressure 
regulator  and  shutoff  valve  is  deenergized,  the  ram  air  valve  will  be 
opened  by  spring  tension. 

Fill  in  the  blanks  to  complete  the  following  statements. 

1.      In  case  of  failure  of  the  air  conditioning  system,  the 

electronic  equipment  will  be  cooled  by    —  • 


2.      The  unit  that  opens  and  allows  ram  air  to  enter  the  electronic 
compartments  is  the       


3.      Any  time  the  pressure  regulator  and  shutoff  valve  is  closed 
the  ram  air  valve  will  be  ____  • 
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Answers  to  Frame  13:  1.  ram  air  2.  ram  air  shutoff  valve  3.  open 
Frame  14 

The  ram  air  valve  is  shown  below •    It  is  made  up  o f  a  pneumatic 
actuator  and  a  butterfly  type  valve.     It  is  spring  loaded  open  and 
closed  by  air  pressure. 


We  said  in  the  previous  frame  that  the  ram  air  valve  is  controlled 
automatically.  We  also  said  previously  that  the  pressure  regulator  and 
shutoff  valve  is  controlled  automatically. 

The  ram  air  valve  is  controlled  by  the  pressure  regulator  and 
shutoff  valve.    Now  let's  see  how  operation  of  the  pressure  regulator 
and  shutoff  valve  controls  both  of  these  valves  automatically. 

Look  back  at  the  sketch  in  frame  13  and  note  the  air  control  line 
going  from  the  pressure  regulator  and  shutoff  valve  to  the  ram  air 
valve  actuator. 

When  the  solenoid  on  the  pressure  regulator  and  shutoff  valve  is 
energized,  it  allows  air  pressure  to  enter  the  top  of  the  pressure 
regulator  and  shutoff  valv^,  opening  this  valve.    At  the  same  time, 
this  air  pressure  is  directed  by  the  small  air  control  line  to  ram  air 
valve  actuator.    This  pressure  will  overcome  the  spring  tension,  closing 
the  ram  air  shutoff  valve.    This  is  normal  operation;  the  pressure 
regulator  and  shutoff  valve  is  open  and  the  ram  air  valve  is  closed. 
The  system  is  receiving  conditioned  air. 
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Frame  14  (Continued) 


However,  if  a  malfunction  causes  the  pressure  regulator  and 
shutoff  valve  to  close,  or  if  the  equipment  cooling  circuit  breaker 
is  pulled,  no  conditioned  air  will  be  available.    Also  since  the 
solenoid  is  deenergized,  no  air  will  enter  the  small  control  line  to 
the  ram  air  valve,  so  the  valve  will  be  spring  loaded  open.    When  the 
ram  air  v^lve  opens,  ventilating  air  flows  into  the  electronic  compart- 
ments for  cooling. 

Notice  that  this  sequence  operation  depended  only  on  whether  or  not 
the  solneoid  on  the  pressure  regulator  and  shutoff  valve  was  energized 
or  not.    Also  notice  the  absence  of  electrical  connections  to  the  ram 
air  valve.    The  ram  air  valve  is  strictly  pneumatically  closed  and 
spring  loaded  open. 

This  valve  also  has  a  position  indicator  to  show  when  the  valve  is 
open  or  closed.    The  position  indicator  is  located  on  the  end  of  the 
actuator  shaft,  and  is  marked  OPEN-CLOSED . 

Fill  in  the  blanks  to  complete  the  following  statements. 

1.      The  ram  air  shutoff  valve  is  opened  by    

2#      Opening  and  closing  of  the  ram  air  shutoff  valve  is  controlled 


by  the 


and 


3. 


The  ram  air  shu'off  valve  is  held  closed  by 


4, 


The  position  of  the  ram  air  shutoff  valve  can  be  determined 
by  observing  the  
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Answers  to  Frame  14: 


Frame  15 


1.     spring  tension    2fc    pressure  regulator  and 
shutoff  valve    3 .    air  pressure 
4.    posit:  on  Indicator 


The  illustration  below  shows  a  portable  ground  air  conditioning 
unit  being  used  lc  cool  the  electronic  equipment  compartments.  The 
portable  air  condition  :ig  unit  is  used  when  the  electronic  equipment 
-<s  operated  for  ground  checking. 

You  may  be  wondering,  why  not  use  the  electronic  equipment  air 
conditioning  system  to  cool  the  equipment?    It  could  be  used.  But 
remember,  for  the  electronic  eouipment  air  conditioning  system  to 
opt  rate,  the  engines  must  be  operated  to  supply  the  air. 

By  using  the  ground  cooling  cart  instead  of  operating  the  engines, 
we  will  save  the  fuel  required  to  operate  the  engines  and  also  save  the 
maintenance  cost  of  repairing  the  engines. 


A  ground  cooling  connection  is 
provided.    This  connection  allows  a 
ground  cooling  cart  to  cool  the  elec- 
tronic equipment  compartment  when 
the  engine(s)  are  not  running. 


E QUt MINT  GJtOUNO 
COOLING  UCf  PTAClf 


EQUIfMf  NT 
COOLING  All  H06C 


Equipment  Ground  Cooling  Connections 

Fill  in  the  blanks  to  complete  the  following  statement. 

1.      The  unit  which  is  used  to  cool  the  equipment  during  ground 
operation  without  running  the  engines  is  the   


erJc 


26 


27 


EQUIPMENT 
COOUNG  SHELF 


FROM  BLEED 
AIR  SYSTEM 
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Answers  to  Frame  15:     1.     ground  air  conditioning  unit 

Frame  16 

Now  we  come  to  the  FurP0Se  of  the  check  "alve  that  we  identified 
in  frame  13.    The  check  valve  stops  a  loss  of  air  when  using  the  ground 
air  conditioning  unit. 

The  sketch  on  the  opposite  page  shows  the  flow  of  air  from  the 
ground  cooling  receptacle.    Note  that  if  the  check  valve  was  not  in  the 
system,  this  air  would  flow  out  through  the  ram  air  inlet. 

Why  doesn't  the  ram  air  valve  stop  the  air  flow?.....  Remember,  if 
the  pressure  regulator  and  shutoff  valve  is  closed,  the  ram  air  valve 
is  open.    When  the  air  from  the  ground  air  conditioning  unit  tries  to 
flow  through  the  check  valve  it  will  close,  preventing  a  loss  of  our 
cooling  air. 

The  ram  air  check  valve  is  a  dual  flapper  type,  similar  to  those 
used  in  the  bleed  air  system.    Normal  (ram)  airflow  opens  the  valve  and 
a  reverse  airflow  closes  the  valve. 

Fill  in  the  blanks  to  complete  the  following  statements. 

1.      When  using  the  ground  air  conditioning  unit,  the  unit  that 
prevents  a  loss  of  air  through  the  ram  air  inlet  is  the 


2.      When  using  the  ground  air  conditioning  unit,  the  ram  air 
valve  will  be    (open/closed). 
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Answers  to  Frame  16:     1.     check  valve    2.  open 

Frame  17 

Using  the  system  diagram  on  pare  30,  place  the  number  in  the  blank 
opposite  the  statement  below  that  correctly  matches  the  information  given 
in  the  statements. 

Note:    Several  of  the  numbers  will  be  used  more  than  once. 

 1.  Ram  air  shutoff  valve. 

 2.  Bleed  air  pressure  regulator  and  shutoff  valve. 

 3.  Ground  cooling  ejector  shutoff  valve. 

 4.  Ground  cooling  receptacle. 

 5.  Ram  air  inlet. 

 6.  Fan  ejector  nozzle. 

 7.  Turbine  bypass  valve. 

 8.  Keat  exchanger. 

 9 .  Ram  air  outlet. 

 10.  Turbine  assembly. 

11.  Ram  air  check  valve. 


12.  Allows  bleed  air  to  flow  through  the  ground  ejector  nozzle 
when  the  aircraft  is  on  the  ground. 

13.  Prevents  a  loss  of  cooling  air  wnen  using  a  ground  cooling 
unit  • 

J.4.      Connection  for  a  ground  cooling  unit. 

15.  Regulates  pressure  at  106  psi. 

16.  Controls  the  flow  of  precooled  air  into  or  around  the  turbine. 


17.  Helps  to  pull  ram  air  through  the  heat  exchanger  during 
either  flight  or  ground  operation. 

18.  Opens  to  allow  ram  air  to  enter  the  system  for  emergency 
cooling. 

19.  Cools  the  air  by  rapid  expansion  and  converting  heat  energy 
to  mechanical  energy. 

_20.      Transfers  heat  from  the  bleed  air  to  the  ram  air. 
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CONTROL 
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Answers  to  Frame  17:       7    1.       9    2.       5    3.        11    4.       1  5. 


3    6.      10    7.       2    8.       4    9.       6  10. 

8    11.       5    12.       8    13.      11    14.        9  15. 


• 


10    16 .        3    17 .        7    18 .       6    19 .       2    20 . 

Frame  18 

The  previous  frames  have  shown  the  path  of  airflow  for  the  hot  air, 
cold  air,  a  mixture  of  hot  and  cold  air,  and  for  ventilating  (ram)  air. 
It  has  also  been  said  that  this  system  operates  automatically.    But,  for 
this  system  to  operate  automatically,  it  needs  electrical  power  to 
energize  the  pressure  regulator  and  shutoff  valve,  to  operate  the  motor 
on  the  ground  cooling  ejector  valve,  and  to  operate  and  control  the 
turbine  bypass  valve. 

The  illustration  on  page  32  shows  the  electrical  schematic  for 
the  equipment  air  conditioning  system.    The  electrical  uuits  include 
the  following: 

Temperature  Control  Assembly.  Pilot's  Reset  Switches. 

Temperature  Sensor.  Landing  Gear  Auxiliary  Relay. 

Temperature  Limiter.  Landing  Gear  Control  Switch. 

Altitude  Pressure  Switch.  RADAR  CNI  COOL  OFF  Lights. 

Temperature  Limiter  Switch. 

Find  each  of  these  units  on  the  schematic.    These  are  the  controlling 
units  for  this  system.    The  warning  lights  serve  to  warn  the  pilot  of 
an  overheat  condition.    The  following  frames  will  explain  the  function 
of  each  of  these  components. 

NO  RESPONSE  REQUIRED 


ER?C 
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Frame  19 


Remember,  in  the  frame  that  explained  the  pressure  regulator  and 
shutoff  valve  it  was  said  that  this  valve  automatically  opens  any  time 
electrical  power  and  air  pressure  are  applied  to  the  aircraft.  Also 
remember  that  if  the  aircraft  is  on  the  ground,  the  ground  cooling 
ejector  shutoff  valve  will  be  open. 

The  sketch  shows  the  circuit  from  the  28V  DC  equipment  cooling 
circuit  breaker  to  the  pressure  regulator  and  shutoff  valve  and  to  the 
ground  cooling  ejector  shutoff  valve. 

Note  in  this  sketch  that  current  goes  from  the  28V  DC  equipuient 
cooling  circuit  breaker,  through  the  temperature  limiter  switch  (relay), 
to  the  pressure  regulator  and  shutoff  valve. 

The  temperature  limiter  switch  contacts  are  normally  in  the  up 
position  as  shown.    Also  note  that  current  goes  up  through  the  landing 
gear  auxiliary  relay  contact  to  the  ground  cooling  ejector  shutoff 
valve.    The  landing  gear  auxiliary  relay  is  controlled  by  the  switch 
on  the  landing  gear  handle. 

Current  also  goes  from  the  28V  DC  and  115V  AC  equipment  cooling 
circuit  breakers  to  the  temperature  control  assembly. 


GROUND  COOLING 
EJECTOR  SHUTOFF 
VALVE 


LANDING  GEAR 
AUXILIARY  RELAY 


28 
VDC 


LANDING 
GEAR 


LANDING  GEAR 
CONTROL  SWITCH 


DOWN 


i  r 


press  regulator 
&  shutoff  valve 

SOLtNOlD 


TEMPERATURE 
CONTROL 
ASSEMBLY 


TEMP  LIMITER 
SWITCH 


Frame  19  (Continued) 


Fill  in  the  blanks  to  complete  the  following  statements. 


1.  When  electrical  power  is  applied  to  the  aircraft,  the  pressure 

regulator  and  shutoff  valve  solenoid  will  be   

(energized/deenergized) . 

2.  The  pressure  regulator  and  shutoff  valve  solenoid  is  energized 
by    (28V  DC/115V  AC). 

3.  When  the  landing  gear  handle  is  in  .the  gear  down  position, 

the  landing  gear  auxiliary  relay  will  be  

(energized/deenergized) • 

4.  When  the  landing  gear  handle  is  in  the  gear  down  position, 

tne  ground  cooling  ejector  shutoff  valve  will  be   

(open/ closed) . 

5.  The  voltage  required  to  operate  the  ground  cooling  ejector 
shutoff  valve  is  . 
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Answers  to  Frame  19:    1.    energized    2.    28V  DC    3.  energized 

4.     open    5.     28V  DC 


Frame  20 

The  illustrations  below  show  the  temperature  control  assembly 
The  temperature  control  assembly  automatically  controls  the  posi- 
tion of  the  turbine  bypass  valve,  thus  maintaining  the  proper 
temperature  in  the  equipment  compartments. 

Remember,  this  system  has  no  manual  control.    The  temperature 
control  assembly  will  automatically  maintain  the  temperature  in  the 
equipment  compartments  at  85  F  from  sea  level  to  25,000  feet,  and 
at  40°F  for  altitude  above  25,000  feet.    How  and  why  there  are  two 
temperature  ranges  will  be  explained  later  in  the  text. 

Illustration  A  shows  an  external  view  of  the  temperature  con- 
trol assembly.    This  unit  contains  the  magnetic  amplifiers,  tran- 
sistors and  a  part  of  the  bridge  circuit  that  is  used  to  control 
the  position  of  the  turbine  bypass  valve. 

Illustration  B  shows  the  temperature  control  assembly  connec 
ted  electrically  to  the  turbine  bypass  valve.    Remember,  the 
temperature  control  assembly  controls  the  bypass  valve  by  inter- 
preting the  resistance  signal  to  the  bridge  circuit  and  allowing 
power  to  go  to  the  hot  or  cold  side  of  the  valve. 
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Frame  20  (Continued) 


Fill  in  the  blanks  to  complete  the  following  statements. 

1       The  temperature  control  assembly  automatically  controls 
temperature  by  controlling  the   


2.      The  electrical  power  requirements  for  operation  of  the 
temperature  control  assembly  are   and 


3.      Temperature  of  the  equipment  compartments  is  controlled 
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Answers  to  Frame  20:     1,    turbine  bypass  valve      2.     28V  DC  & 

115V  AC      3.  automatically 


Frame  21 

Before  we  go  on,  let's  review  some  of  the  basic  facts  and 
principles  about  temperature  sensors. 

Different  types  of  materials  offer  different  amounts  of 
resistance.    Metals  have  low  resistance  whereas  glass  and  rubber 
have  high  resistance.     In  most  conductors  (copper,  aluminum, 
silver,  iron,  etc.)  the  resistance  increases  with  an  increase  in 
temperature.    These  materials  are  said  to  have  a  positive 
temperature  coefficient.    The  resistance  of  carbon  and  liquids 
decreases  with  an  increase  in  temperature.     These  materials  are 
said  to  have  a  negative  temperature  coef fic ient. 

The  temperature  sensor  is  a  specially  designed  resistor.  Its 
resistance  changes  any  time  the  temperature  of  the  air  around  it 
changes.    The  manner  in  wnich  the  sensor  changes  resistance 
depends  on  its  "temperature  coefficient."    That  is:     if  the 
TEMPERATURE  of  the  air  across  the  sensor  increases  and  the 
RESISTANCE  of  the  sensor  also  increases,  the  sensor  has  a 
POSITIVE  TEMPERATURE  COEFFICIENT  OF  RESISTANCE,     It  follows  then 
that  with  a  POSITIVE  COEFFICIENT  the  resistance  will  decrease  if 
the  temperature  of  the  air  decreases.    The  point  is,  they  increase 
together  and  decrease  together.     On  the  other  hand,  if  the 
TEMPERATURE  increases  and  the  sensor's  RES T STANCE  decreases  at  the 
same  time,  it  has  a  Negative  Coefficient.    This  also  means  the 
sensor's  resistance  will  increase  as  the  temperature  decreases. 

Mark  the  following  statements  true  or  false  on  your  response 
sheet. 

 1.      Heating  a  piece  of  copper  wire  will  cause  its  resistance 

to  decrease. 

 2.      Glass  has  very  high  resistance. 

 3.      All  materials  increase  in  resistance  when  heated. 


Complete  the  statements  by  using  the  word  increases  or 
decreases . 


POSITIVE  COEFFICIENT 


NEGATIVE  COEFFICIENT 


1.    If  temperature  increases, 
the  resistance 


3. 


If  temperature  increases , 
the  resistance 


If  temperature  decreases, 
the  resistance 


If  temperature  decreases, 
the  resistance 
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Answers  to  Frame  21:     1.  F 


3, 


1. 
2. 
3. 
4. 


Increases 
decreases 
decreases 
increases 


Frame  22 

Remember  that  the  equipment  temperature  sensor  forms  part  of 
the  bridge  circuit.     Its  purpose  is  to  sense  the  temperature  of 
the  air  going  to  the  equipment  compartment.     This  is  done  by 
sending  a  signal  to  the  controller  in  the  form  of  a  resistance 
signal . 

Here  is  how  it  is  done.     The  sensor  contains  a  resistance 
element  which  changes  resistance  with  changes  in  temperature. 
This  resistance  element  forms  one  leg  of  the  bridge  circuit  in 
the  equipment  temperature  controller.    This  sensing  element  has  a 
negative  coefficient  of  resistance.     This  means  that  as  the  air 
temperature  around  the  sensor  goes  up  the  resistance  value  of  the 
sensor  goes  down,  and  as  the  temperature  around  the  sensor  goes 
down,  the  resistance  value  of  the  sensor  goes  up.    When  the  input 
signal  (RESISTANCE  SIGNAL)  is  received  by  the  controller  the 
change  in  resistance  in  that  leg  of  the  bridge  circuit  will 
unbalance  the  bridge.     Based  on  this  input  signal  (CHANGE  IN 
RESISTANCE)  the  controller  directs  electrical  power  out  to  the 
turbine  bypass  valve.    The  electric  motor  will  move  the  turbine 
bypass  valve  to  the  required  position  and  maintain  the  tempera- 
ture desired  in  the  equipment  compartment. 

The  illustration  below  may  help  you  remember  the  basic  facts 
about  temperature  sensors. 


NEGATIVE  COEFFICIENT  SENSOR 


TEMPERATURE  A 

RESISTANCE    OF       1  1 

SYSTEM    TEMPER-  1  1 

AROUND   THE           /  \ 

THE  SENSOR          ^  y 

ATURE   WILL  GO  ^  y 

SENSOR  INCREASES  ^1  p 

DECREASES             \  / 

COLD.                   \  / 

TEMPERATURE           i  1 

RESISTANCE  OF  A 

SYSTEM  TEMPER-  A 

AROUND  THE          J  y 

THE  SENSOR            /  \ 

ATURE  WILL  GO      /  \ 

SENSOR  DECREASES  \  / 

INCREASES             A  A 

HOT.                     h  p 

NO  RESPONSE 
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Figure  23 


Now  that  we  have  reviewed  the  basic  principles  and  operation 
of  sensors,  we  can  see  what  part  the  equipment  temperature  sensor 
plays  in  maintaining  the  correct  temperature  in  the  equipment 
compartment. 

Since  the  temperature  is  controlled  automatically,  there  must 
be  a  means  of  sensing  the  temperature  of  the  conditioned  air  going 
to  the  equipment  compartments.    We  use  the  equipment  temperature 
sensor  to  do  this. 

The  equipment  system  temperature  sensor  is  shown  in  illustra- 
tion A.     Notice  that  this  sensor  looks  the  same  as  the  cabin 
system  sensor,  aowever,  they  are  not  interchangeable  because  the 
equipment  sensor  has  a  different  resistance  value  from  the  cabin 
sensor. 


The  temperature  sensor  contains  a  temperature  sensitive 
resistance  element.     The  sensing  element  has  a  negative  coefficient 
of  resistance.     In  this  respect  it  if?  the  same  as  the  cabin 
system  sensor. 

The  equipment  system  temperature  sensor  is  located  in  the 
conditioned  air  duct  between  the  refrigeration  unit  and  the  equip- 
ment compartments. 

Illustration  B  shows  the  circuit  going  to  the  temperature 
control  assembly.    As  the  temperature  changes,  the  resistance 
changes.     This  causes  a  signal  to  be  sent  to  the  temperature 
control  assembly.     This  resistance  signal  will  unbalance  the 
bridge  circuit  and  the  temperature  controller  will  direct 
electrical  power  to  the  turbine  bypass  valve. 


A 


TEMPERATURE 
CONTROL 
A  SSEMlL  Y 


1 


B 


TEMPERATURE 
SENSOR 
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Frame  23  (cont'd) 


Fill  in  the  blanks  to  complete  the  following  statements. 

1.  The  temperature  of  the  air  going  to  the  equipment  compartments 
is  sensed  by  the  . 

2.  An  increase  in  air  temperature  in  the  conditioned  air  duct 
will  cause  the  resistance  of  the  temperature  sensing  element 


3.      A  change  in  resists  ace  of  the  temperature  sensing  element 
will  cause  a  signal  to  be  sent  to  the   


to 
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When  explaining  the  task  of  the  temperature  control  assembly 
it  was  said  that  it0autornatically  keeps  85°F  from  sea  level  to 
25,000  feet,  and  40  F  above  25,000  feet.    At  this  point  you  may 
be  asking,  why  change  the  temperature,  and  how  is  the  temperature 
changed  automatically? 

The  reason  for  changing  the  temperature  is  due  to  the  moisture 
in  the  air.     Below  25,000  feet,  there  is  more  moisture  in  the  air 
than  at  the  higher  altitudes.     It  is  necessary  to  keep  the  high 
temperature  to  stop  the  moisture  from  condensing  and  causing 
corrosion.    Above  25,000  feet,  there  is  very  little  moisture  in 
the  air,  so  the  lower  temperature  is  used. 

How  can  the  temperature  be  changed  automatically  at  a 
specific  altitude?    This  is  the  task  of  the  altitude  pressure 
switch. 

The  altitude  pressure  switch  is  shown  in  sketch  A.    This  unit 
contains  an  aneroid  and  a  microswitch.     The  aneroid  senses 
atmospheric  pressure  and  controls  the  position  of  the  switch 
contacts. 

Below  25,000  feet,  where  the  atmospheric  pressure  is  higher, 
the  aneroid  will  hold  the  switch  in  one  position  as  shown  in 
sketch  B.    As  the  aircraft  goes  above  25,000  feet,  the  atmos- 
pheric pressure  decreases  and  allows  the  aneroid  to  move  the 
switch  contacts  to  the  opposite  position  as  shown  in  sketch  C. 

When  the  switch  changes  the  resistance  value  in  the  bridge 
circuit,  this  causes  the  system  to  maintain  the  lower  temperature 
above  25,000  feet. 


A 


BELC  W  25,000  FEET 


ABOVE  25,000  FEET 
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Frame  24  (Continued) 


ERIC 


Fill  in  the  blanks  to  complete  the  following  statements: 

As  the  aircraft  goes  above  25,000  feet,  the  resistance  value 
of  the  bridge  circuit  is  changed  by  the   


2.  The  altitude  pressure  switch  contains  an 
and  a  . 

3.  The  altitude  pressure  switch  senses   


4.  As  the  aircraft  increases  altitude,  the  surrounding 

atmospheric  pressure    (increases/ 

decreases) . 

5.  The  atmosphere  above  25,000  feet  contains   

(more/less)  moisture  than  at  sea  level. 
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Apswers  to  Frame  24:     1.    altitude  pressure  switch      2.  aneroid 

microswitch      3.    atmospheric  pressure 
4.     decreases      5.  less 

Frame  25 

Under  normal  conditions,  the  temperature  sensor  sences  the 
temperature  and  sends  signals  to  the  temperature  control  assembly. 
The  teir  erature  control  assembly  then  positions  the  bypari  valve 
to  keep  the  proper  temperature „ 

But  what  happens  if  the  bypass  valve  should  fail  in  the  open 
position  or  if  the  sensor  had  an  open?    The  system  would  give  only 
hot  air.     In  a  very  short  time  this  would  cause  an  overheat 
crnditiou. 


2IV0C 


U 


The  temperature  limiter  and  the  temperature  limiter  switch 
work  together  to  stop  oamage  to  the  system  from  an  overheat 
condition.    When  the  temperature  in  the  conditioned  air  outlet 
duct  reaches  150  F,  the  two  parts  will  cause  the  air  conditioning 
system  to  shut  off  and  a  warning  light  to  come  on.    A  schematic 
of  these  twc  parts  ie  shown  in  sketch  A. 

Sketch  B  shows  the  temperature  limiter.    This  is  a  normally 
open  temperature  sensing  switch.     This  type  of  switch  is  called  a 
thermoswitch.    When  the  temperature  is  below  150°Ff  the  contacts 
will  be  open.    When  the  temperature  .   ceeds  150°F,  the  contacts 
will  close. 

Remember,  this  is  not  a  sensor,  it  is  a  switch  that  is 
actuated  by  heat. 
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Frame  25  (cont'd) 
Fill  in  the  blanks  to  complete  the  following  statements: 

1.  Damage  due  to  an  overheat  condition  is  prevented  by  the 

  and  the  temperature 

limiter  switch. 

2.  The  temperature  limiter  is  a  thermo   . 


3.  The  equipment  system  temperature  limiter  is  normally 
  (open/closed) . 

4.  When  the  air  in  the  conditioned  air  duct  reaches  an  overheat 

condition,  the  temperature  limiter  will   

(open/close) . 


ERJC 


Answers  to  Frame  25:     1.    temperature  llmlter      2.  switch 

3-    open      4.  close 


Frame  26 

The  sketch  below  shows  the  temperature  limiter  linked  to  the 
coil  of  the  temperature  limiter  switch.    The  temperature  limiter 
switch  is  a  relay.     In  fact,  it  is  two  relays  built  in  one.  One 
coil  is  wrapped  **        the  core,  then  a  second  coil  is  wrapped 
over  the  first,  n  the  opposite  direction. 

The  bottom  coil  is  called  the  latch  coil,  and  the  top  coil  is 
called  the  reset  coil.    Current  flow  through  the  latch  coil  will 
energize  the  relay  to  pull  the  contacts  down.     Current  flow 
through  the  reset  coil  will  deenergize  the  relay  to  move  the 
contacts  up. 

At  the  time  of  norma,  operation,  both  coils  are  actually 
deenergized,  but  the  relay  is  made  so  that  the  contacts  will  stay 
in  the  up  position.    When  the  temperature  exceeds  150°F,  the 
temperature  limiter  contacts  will  close,  directing  current  flow 
through  the  latch  coil. 

This  pulls  the  contacts  down.    When  the  contacts  move  down, 
it  will  stop  the  flow  of  conditioned  air  and  turn  on  two  warning 
lights.    The  sketch  shows  the  temperature  limiter  contacts  closed, 
and  the  latch  coil  energized. 


Fill  in  the  blanks  to  complete  the  following  statements: 

When  an  overheat  condition  occurs,  the  temperature  limiter 
switch  will  be  energized  by  the  coil. 


Current  flow  to  the  latch  coil  of  the  temperature  limiter 
switch  is  controlled  by  the   


45 


Answers  to  Frame  26:     1.     latch      2.     temperature  limiter 

Frame  27 

The  sketch  below  shows  one  of  the  warning  light  panels  and 
the  RADAR  CNI  COOL  OFF  light. 

The  abbreviation  CNI  means  communication  navigation  instruments. 

This  is  the  purpose  of  the  electronic  equipment  that  we  are 
cooling . 


Warning  Panel, 


ER?C 


There  are  two  RADAR  CNI  COOL  OFF  lights  in  this  system  One 
warning  light  is  on  the  pilot's  panel  (forward  cockpit)  and  the 
other  is  located  on  the  radar  pilot's  panel  (aft  cockpit). 

These  lights  will  light  any  time  there  is  an  overheat  condi- 
tion in  the  equipment  *:ir  conditioning  system.     The  sketch  below 
shows  the  circuit  for  the  warning  lights. 

In  this  sketch,  the  temperature  limiter  is  closed,  energizing 
the  latch  coil.    This  turns  on  the  warning  lights. 

■il!  BA0AI CNI 1  

'ry  coot  oh  j 


tA»AI 

Mr  com 


CNI  1 

o,>  r 


U/2II 
VAC  I 


21  vDCl 
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Frame  27  (Continued) 

Fill  in  the  blanks  to  complete  the  following  statements: 

1.  The  purpose  of  the  RADAR  CNI  COOL  OFF  lights  is  to  warn  the 
pilot  of  an  . 

2.  The  RADAR  CNI  COOL  OFF  lights  are  turned  on  when  the 
  coil  of  the  temperature  limiter  switcn  is 
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Answers  to  Frame  27:     1.     overheat  condition      2.     latch  energized 


Frame  28 


After  an  overheat  condition  has  occurred,  the  system  will  not 
reset  automatically.    A  reset  button  is  used  to  restart  the 
system.    The  reset  button  completes  a  circuit  to  energize  the  reset 
co?l.    This  pulls  the  contacts  up. 

There  are  two  reset  buttons.     One  reset  button  is  located  in 
the  forward  cockpit,  and  one  in  the  aft  cockpit.     This  enables 
either  pilot  to  reset  the  system. 

This  sketch  shows  the  reset  circuit.    When  either  reset 
button  is  pushed  in,  current  will  flow  to  the  reset  coil,  energiz- 
ing the  relay  to  the  up  position.     The  relay  will  stay  in  this 
position  until  the  system  overheats  again. 


Fill  in  the  blanks  to  complete  the  following  statements: 

1.  To  restart  the  system  after  an  overheat  condition,  the  pilot 
must  prsss  the  . 

2.  Current  is  directed  to  the  reset  coil  of  the  temperature 
limiter  switch  by  the  • 
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Answers  to  Frame  28:     1.    reset  button      2.    reset  button 
Frame  29 

The  sketch  in  this  frame  shows  the  temperature  limiter, 
temperature  limiter  switch,  warning  lights,  and  reset  buttons. 
Notice  that  when  the  temperature  limiter  switch  contact  moves 
down,  it  completes  the  circuit  to  turn  on  the  warning  lights. 

Also,  notice  that  this  opens  the  circuit  going  to  the  pressure 
regulator  and  shutoff  valve  solenoid.    This  deenergizes  the 
solenoid  causing  the  valve  to  close  which  stops  the  flow  of 
conditioned  air. 


RADAR  CNI 

1      COOl  OFF  1 

RADAR  CNI 

COOL  OFF  ( 

WARNING 
LIGHT  POWER 


14/28 
VAC 


OS 


78  VDCj^J^> 

EQUIPMENT 
COOLING 


RESET 

SWITCH 


PRESSURE 
REGULATOR 
AND  SHUTOFF 
VALVE 


TEMP  LIMITER 


TEMP  LIMITER 
SWITCH 


When  the  conditioned  airflow  stops,  will  the  equipment 
compartments  receive  any  cooling  air?.... Yes,  they  will  receive 
ram  air.    Remember,  any  time  the  bleed  air  pressure  regulator  and 
shutoff  valve  closes*  tha  ram  air  valve  opens. 

Now  let's  summarize  what  happens  when  the  system  overheats 
(temperature  exceeds  150°F) .    First  the  temperature  limiter 
contacts  r.lose;  this  energizes  the  latch  coil  of  the  temperature 
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Frame  29  (Continued) 


limiter  switch.    This  causes  the  relay  contacts  to  move  down, 
turning  on  the  warning  lights  and  shutting  the  air  conditioning 
system  off.    When  the  system  shuts  off,  the  ram  air  valve  opens. 

o 

After  the  temperature  cools  below  150  F,  the  system  can  be 
reset  by  pressing  either  reset  button. 

Fill  in  the  blanks  to  complete  the  following  statements,  or 
circle  the  correct  answer. 

1.      If  an  overheat  condition  occurs,  the  pressure  regulator  and 
shutoff  valve  will  be 


2.  When  an  overheat  condition  occurs,  will  the  air  conditioning 
system  be  shut  off?    (yes/no). 

3.  If  an  overheat  condition  occurs,  will  the  electronic  equip- 
ment receive  any  cooling  air?    (yes/no). 

If  your  answer  was  yes,  then  where  will  the  cooling  air  come 
from?   


4.      What  must  the  pilot  do  to  restart  the  system  after  an  overheat 
condition  has  occurred  and  the  system  has  cooled  off? 


5.      When  the  temperature  of  the  air  going  to  the  equipment 
compartments  overheats,  how  is  the  pilot  informed? 
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Answers  to  Frame  29'     1.    closed      2.    yes      3.    yes    through  the 

ram  air  valve      4.     press  the  reset  button 
5.    by  the  warning  lights 

Frame  30 

Using  the  diagram  on  the  opposite  page,  select  the  number  for 
the  component  that  matches  the  statement  listed  below. 

1.      Automatically  controls  the  position  of  the  turbine 
bypass  valve. 

 2.      Causes  the  temgerature  in  the  equipment  compartments  to 

decrease  to  40  F  when  the  aircraft  goes  above  25,000 
feet. 

3.      Warns  the  pilot  of  an  overheat  condition. 


4.  Has  a  negative  coefficient  of  resistance. 

5.  Energized  when  the  landing  gear  handle  is  in  the  gear 
down  position. 

o 

6.  Closes  when  the  temperature  exceeds  150  F. 

7.  When  energized  by  the  temperature  limiter,  turns  on  the 
warning  lights  and  shuts  off  the  air  conditioning  system. 

8.  Opens  when  the  landing  gear  handle  is  in  the  gear  down 
position. 

9.  Directs  partially  cooled  bleed  air  either  into  or  around 
the  turbine. 


Answers  to  Frame  30:        2    1.         7    2.  1    3.   8  4. 

6  5.  9  6.  10  7.  5  8. 
3  9. 
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While  you  do  t  It  I     lesson,  you  will  ho  using  the  AN/PSM-2IA  nlr  condi- 
tioning system  tester  to  do  an  analysis  of  a  fighter  type  .ilrcrd"  air 
conditloniig  system.    The  AN/PSM-21A  is  made  for  use  on  the  FA  type  air- 
craft only.    There  are,  however,  several  different  air  conditioning 
system  testers  used  in  the  Air  Force.    They  are  usually  made  foi  use  on 
one  specific  type  of  aircraft.    The  use  and  operating  procedure  are  about 
the  same  oa  all  of  them.    By  learning  to  use  tha  AN/PSM-21A  tester,  you 
will  have  an  understanding  of  system  testers.    By  following  the  instruc- 
tions that  are  given  in  the  technical  order,  you  should  be  able  to  use  this 
and  other  system  testers. 

Complete  the  following  statements. 

1.      The  air  conditioning  system  tester  used  on  the  F4  type  aircraft 
is  the  AN/ 


2.      When  using  an  air  conditioning  system  tester,  you  should  always 
follow  the  Instructions  given  in  the  applicable 


CORRECT  RESPONSES  TO  FRAME  1:     1.  AN/PSM-21A 


2.    Technical  Order . 


Frame  2 

Open  the  foldout  at  the  back  of  this  text.    This  foldout  shows  an 
illustration  of  the  AN/PSM-21A  tester.    This  tester  is  used  to  do 
a  checkout,  or  to  troubleshoot  the  temperature  control  systems  on  the  F4 
type  aircraft.    The  tester  will  check  the  operation  of  the  temperature 
control  units  in  either  the  cabin  or  equipment  air  conditioning  system. 
The  tester  can  be  used  to  check  the  complete  temperature  control  system  at 
the  aircraft.    It  can  also  be  used  in  the  shop  to  bench  check  and  repair 
each  individual  component. 

Complete  the  following  statements. 

1.  The  AN/PSM-21A  tester  can  be  used  to  check  the   system, 

-nd  the    system. 

2.  The  AN/PSM-21A  tester  can  be  used  to  bench  check  the  cabin 

temperature  or  the  equipment  system  

ccatrol  assembly. 
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CORRECT  RESPONSES  TO  FRAME  2:  1.  cabin  equipment  2.  control  panel 
temperature. 


Frame  3 

The  cabin  temperature  control  systeti.  units  can  be  checked  using  the 
tester  at  the  aircraft.    The  purpose  of  each  check  is  given  for  each  unit. 

1*      Cabin  Temperature  Control  Panel 

This  unit  is  checked  for  a  signal  output  from  the  cabin  magnetic 
amplifier  section  to  the  cabin  dual  temperature  mixing  valve.    The  signal 
output  is  based  on  signals  applied  to  the  bridge  circuit  by  a  rheostat  which 
is  part  of  the  tester.    This  rheostat  simulaces  the  cabin  temperature  sensor. 

2.  Cabin  Temperature  Sensor 

This  unit  is  checked  for  proper  resistance  in  relation  to  ambient 
temperature. 

3.  Cabin  Dual  Temperature  Mixing  Valve 

The  tester  checks  the  valve  motor  for  operation  and  the  valve  for 
full  travel. 

Complete  the  following  statements. 

1.  Increasing  or  decreasing  the  res J stance  in  one  leg  of  the  cabin 
bridge  circuit  will  cause  a  signal  through  the  magnetic  amplifier  to  be  sent 
to  the  cabin    # 

2.  Changes  in  resistance  in  the  bridge  are  simulated  by  a   

on  the  tester. 


3.      The  cabin  temperature  sensor  is  checked  for  proper 
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CORRECT  RESPONSES  TO  FRAME  3:      1.    dual  temperature  mixing  valve 
2.    rheostat       3.  resistance. 

Frame  4 

The  equipment  air  conditioning  system  units  can  be  checked  at  the 
aircraft  using  the  tester  checks  for  c^r.h  of  the  following  units.  The 
purpose  of  each  check  is  given  for  each  unit. 

1*      Temperature  Control  Assembly 

This  unit  is  checked  for  proper  signal  output  from  the  magnetic 
amplifier  to  the  turbine  bypass  valve  (temperature  control  valve).  The 
tester  rheostat  simulates  the  equipment  temperature  sensor.    When  the 
resistance  in  the  bridge  is  changed  with  the  rheostat,  a  signal  is  sent 
through  the  temperature  control  assembly  to  the  turbine  bypass  valve. 

2.  Temper  a  tU  i.  i  Sensor 

This  unit  is  checked  for  proper  resistance  in  relation  to 
ambient  temperature. 

3.  Turbine  Bypass  Valve 

The  tester  checks  the  valve  motor  for  operation  and  the  valve 
for  full  travel. 

Complete  the  following  statements. 

1.  The  AN/PSM-21A  checks  the  equipment  temperature  control  assembly 
for  proper   output. 

2.  When  checking  the  equipment  air  conditioning  system  at  the 
aircraft  with  the  AN/PSM-21A,  the  turbine  bypass  valve  is  checked  for 
  operation  and  full  travel. 
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CORRECT  RESPONSES  TO  FRAME  4:     1.     signal         2.  motor. 

Note:    Before  operating  the  tester  you  need  to  be  familiar  with  the 
controls  that  you  will  be  using.    Use  the  sketch  shown  in  figure  on 
page  16  to  complete  Frames  5  through  13.    Observe  the  name  of  the 
item  given  at  the  beginning  of  each  frame,  then  find  the  item  in  the 
sketch.    Next  read  the  information  given  and  complete  the  statements. 
The  answers  to  this  group  of  frames  are  given  on  the  page  following 
Frame  13. 

Frame  5 

AC  AND  DC  AIRCRAFT  POWER  LIGHTS 

1.      One  lljht  is  marked    VAC  and  one  light  is  marked 

  VDC.    These  lights  indicate  when  electrical  power  it  available 


to  the  tester. 

Frame  6 

SELECTOR  SWITCH  SI 

1.      The  two  positions  of  this  selector  switch  are  marked   


system  and    system.    This  switch  is  used  to  select  the  systeir 

being  tested. 

Frame  7 

SELECTOR  SWITCH  S2 

1.      The  two  positions  of  this  selector  switch  are  marked   


 and      .  This 

switch  is  used  to  connect  the  sensor  simulator  to  the  system  being  tested. 
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Frame  8 


SELECTOR  SWITCH  S3 


1. 


The  two  position  of  this  selector  switch  are  marked 


and 


This  switch  Is  used  to  select 


the  altitude  range  when  testing  the  equipment  air  conditioning  system. 
Frame  9 

SENSOR  SIMULATOR 

1.      This  Is  a  potentiometer  (rheostat)  that  Is  used  to  simulate  the  temperature 
sensor.    With  this  potentiometer  you  can  apply  various  resistance  values  to 
the  bridge  circuit.    The  ranges  of  this  potentiometer  are  marked   


Frame  10 

RESISTANCE  MONITOR 

The  resistance  monitor  Includes  two  push  button  switches  marked  SENSOR  m 
and  LIMITER  and  two  connecting  points  for  the  AN/PSM-6  multimeter  leads. 
These  are  marked  TPS  and  TP6.    (TP  means  test  point.)    When  testing  the  system 
you  connect  the  multimeter  leads  to  TPS  and  TP6.    Then  by  pressing  the  switch 
marked  SENSOR  you  can  read  the  resistance  of  the  SENSOR  SIMULATOR. 

Note:    This  does  not  check  the  resistance  of  the  actual  sensor.  This 
Indicates  hcv  much  resistance  Is  required  to  obtain  a  cold  or  hot 
signal. 

1.  To  obtain  a  cold  signal  you  would  have  to  ^(increase /decrease) 

resistance. 

2.  When  checking  the  system,  with  the  multimeter  leads  connected  to  test 
points  TPS  and  TP6,  the  resistance  Indicated  on  the  meter  Is  the  resistance 
of  the 


and 
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Framr  ]  1 

AMI*  mnriri  U<:mt;,  (Ampl  1 1  h-r  output  J  I glit m ) 

1.      There  are  four  amplifier  output  lights.    They  are  marked   

 9  —  »  and   •    These  lights  indie  ite  the  signal 

output  from  the  cabin  temperature  control  panel  or  the  equipment  system  tempera- 
ture control  assembly,  depending  on  which  system  you  are  checking.    These  lights 
will  also  indicate  valve  operation  by  indicating  when  the  valve  has  reached 
full  travel.    DS1  and  DS2  are  used  when  checking  the  cabin  or  equipment  air 
conditioning  systems.    The  lights  will  pulse  or  burn  steadily.    This  is  actually 
the  signal  received  from  the  temperature  control  assembly.    While  the  valve 
is  in  travel,  both  lights  will  be  on.    When  the  valve  reaches  full  travel  one 
light  will  stay  on  and  the  other  will  be  out.    When  checking  the  system  this 
is  how  you  can  tell  if  the  valve  is  running  from  full  travel  hot  to  full  travel 

Cold. 


Note:  DS3  and  DS4  are  used  when  checking  the  suit  system.  This 
system  is  no  longer  in  use  therefore  you  will  not  be  using  these 
lights. 

\ 

2.  The  signal  output  from  the  cabin  magnetic  amplifier  and  an  indication 
of  full  travel  of  the  cabin  dual  temperature  mixing  valve  will  be  indicated 
by  lights    and   . 

3.  The  signal  output  from  the  equipment  temperature  control  assembly  and 
an  indication  of  full  travel  of  the  equipment  system  bypass  valve  will  be 
indicated  by  lights  and  . 
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Frame  12 


SENSOR  TP1,  TP2,  TP3,  TP4 

T«st  points  TF3  and  TP4  are  used  when  testing  the  cabin  temperature 
sensor  for  correct  resistance.    When  the  AN/PSM-6  multimeter  leads  are 
inserted  in  the  test  points,  the  resistance  of  the  sensor  is  read  on  the 
multimeter.    When  connected  the  tester  isolates  the  sensor.    This  means 
you  can  test  the  resistance  of  the  sensor  without  turning  off  the  system. 
TP1  and  TP2  are  used  when  checking  the  resistance  of  the  equipment  system 
temperature  sensor. 

1.  With  switch  SI  in  the  CABIN  SYSTEM  position,  and  the  multimeter  leads 
in  test  points  TP  3  and  TP4,  you  will  be  reading  the  resistance  of  the 

sensor  on  the  multimeter. 


Note:    Switch  Si  has  no  EQUIPMENT  SYSTEM  position.    So,  you  cannot: 
put  your  multimeter  leads  into  TP3,  TP4,  TPS  or  TP6  to  check  the 
equipment  system  sensor.    Therefore,  SI  will  remain  in  the  cabin 
system  position  when  you  use  TP1  and  TF2  to  check  the  equipment 
system  sensor  in  the  TP1  and  TP2  check  points. 

Frame  13 

SELECTOR  SWITCH  S6 

Later  in  this  text,  when  you  are  actually  using  the  tester,  the 
technical  order  instruction  charts  refer  to  this  switch  as  the  EXTERNAL 
METER  switch.    Although  this  switch  is  not  marked  with  this  nomenclature, 
we  will  use  this  name  when  referring  to  wiiis  switch. 

1.  The  three  positions  of  this  switch  are  marked  ,   , 

and  .    During  normal  checkout  procedures  of  the 

system,  this  switch  will  remain  OFF.     It  is  placed  \o  the  FLT  LINE  position 
only  when  checking  sensor  resistance  throug1   test  points  TP1,  TP2,  TP3  and 
TP4.    It  is  spring  loe  *ed  away  from  the  FLT  LINE  position.    When  checking 
sensor  resistance  it  must  be  held  to  the  FLT  LINE  position.    The  switch 
can  only  be  held  to  this  position  for  a  maximum  of  4  seconds.    The  BENCH 
position  is  used  when  bench  testing  '.ne  temperature  control  assemblies  in 
the  shop.     It  is  not  necessary  *~  hold  the  switch  to  the  BENCH  position 

as  it  is  not  spring  loaded  away  from  this  position. 

2.  The  external  meter  switch  is  used  when  checking    resistance. 

3.  The  external  meter  switch  should  not  be  held  in  the  FLT  LINE  position 
for  more  than 
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CORRECT  RESPONSES  TO  FRAMES  5  through  13. 


Frame  5. 

Frame  6. 

Frame  7. 

Frame  8. 

Frame  9. 

Frame  10. 

Frame  11. 


Frame  12. 
Frame  13. 


115  VAC        28  VDC. 

CABIN  SYSTEM        SUIT  SYSTEM. 

CABIN  TEMP  SIMULATED        SUIT  TEMP  SIMULATED. 

ABOVE  25,000  FT  SIMULATED       BELOW  25,000  FT  SIMULATED. 

COLD  HOT. 

decrease       2 .    sensor  simulator. 

DS1,  DS2,  DS3,  DS4. 

DS1  and  PS 2. 

DS1  and  DS2. 

cabin  temperature, 

BENCH,  OFF,  FLT  LINE. 

sensor . 

4  seconds. 
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Frame  14 

f^ecial  cables  are  used  to  connect  the  tester  to  the  temperature  control 
assemblies  and  to  che  aircraft  wiring.    The  figure  shows  the  cable  us'  1  when 
testing  the  cab  n  temperature  control  system.    The  cable  has  three  straight 
AN  connectors  marked  PI,  P2,  and  Jl.    The  large  connector  (PI)  connects  to 
the  test  set  at  the  point  marked  AMPLIFIER  CONTROL.     Connector  Jl  connects 
to  the  aircraft  wiring  connector.    P2  connects  to  the  cabin  temperature 
control  panel. 


W2  INTHCONNfCT  CA»tl— 

M  TO  AIR  CONDITIONING 
SYSTlM  fUNCTI^'M  TIST  SIT- 


R2109 


Complete  the  following  statements. 

1.      The  cable  connects  to  the  tester,  the  aircraft  wiring  harness 
and  the  temperature  • 
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CORRECT  RESPONSES  TO  FRAME  14;    1.     control  panel. 


Frame  15 


A  separate  cable  is  used  when  checking  the  equipment  temperature 
control  system.     This  cable  is  shown  in  the  figure.     This  cable  has  two 
straight  AN  connectors  (PI  and  Jl)  and  one  L  shaped  AN  connector  (P2). 
The  large  connector  (PI)  connects  to  the  test  set  at  the  point  marked 
AMPLIFIER  CONTROL.    The  L  shaped  connector  (P2)  connects  to  the  equipment 
temperature  control  assembly.    Connector  Jl  connects  to  the  aircraft 
wiring. 


TO  Jl  ON  AIR 
CONDITIONING 
SYSTEM  TEST  56* 


Complete  the  following  statements. 

1.      When  testing  either  the  cabin  or  equipment  system,  the  AN 
connector  marked  PI  is  connected  to  the  tester  at  the  point  marked 


2.      The  AN  connector  marked  Jl  of  the  test  cable  is  connected  to  the 


3.      The  notable  difference  between  the  cable  used  for  testing  the  cabin 
s>stem  and  the  cable  used  for  testing  the  equipment  system  is  the  L  shaped 

connector  on  the  system  cable. 

13 
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frame  16 


Match  the  units  listed  in  column  "B"  with  the  statements  given  in 
column  "A"  by  placing  the  letter  from  column  "B"  in  the  blanks  provided. 


COLUMN  A 

COLUMN  B 

1 

1. 

Indicates  how  much  resistance  is 

A. 

AC  Light 

required  to  obtain  a  cold  or  hot 

signal  from  the  temperature 

n 

D  . 

Selector  Switch  Sj 

control  panel. 

c. 

Amp  Output  Lights 

2. 

Rheostat  used  to  simulate  the 

temperature  sensor* 

D. 

TP 5  and  Tro 

3. 

Used  when  testing  the  equipment 

E. 

Resistance  Monitor 

temperature  sensor  for  correct 

resistance  readings . 

F, 

4. 

Indicates  when  115V  AC  powe~  is 

G. 

Selector  Switch  S2 

available. 

H. 

DC  Light 

5. 

Used  to  select  the  system  b<  tng 

tested.    Cabin  or  Suit  System. 

I. 

Sensor  TP1  and  TP2 

6. 

Used  only  when  checking  sensor 

J. 

Sensor  Simulator 

resistance  through  Test  Points 

TP1,  TP2,  TP3f  and  TPA. 

K. 

Selector  Switch  SI 

7. 

Used  to  connect  the  sensor 

L. 

Sensor  TP 3  and  TPA 

simulator  to  the  system  being 
tested. 


8.    Indicates  28V  DC  power  is 
aval  lab  le. 


_9.    Used  to  select  the  altitude 

range  when  testing  the  Equipment 
Air  Conditioning  System. 

10.  Indicates  the  signal  output  from 
the  Cabin  or  Equipment  Temperature 
Control  Assemblies. 

11.  Test  points  used  when  testing  the 
systems  and  using  the  resistance 
monitor. 

12.  Used  when  testing  the  cabin 
temperature  sensor  for  correct 
resistance  readings. 


ERIC 
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CORRECT  RESPONSES  TO  FRAME  15 :     1 .  amplifier  control      2 .    aircraft  wiring 

3.  equipment 

CORRECT  RESPONSES  TO  FRAME  16:     1.  E;      2.     J;      3.  4.  A; 

5.  K;      6.     F;      7.    G;      8.  H; 

9.  B;    10.    C;    11.    D;    12.  L 
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© 

SENSOR  S!/< 
COLD 


*TOR 


© 


TP5  TP6 

o  o 


@ 

L IM ITER  SIMULATOR  ~* 
COLD    HOT  /?^J 


SENSOR  LIMITER 

I— RESISTANCE  MONITOR  I 

TP7  TP8         GND         TP9  TP10 

,0    0    0  0 

 OSCILLOSCOPE  


I  r  I U 

9j 


CABiN  CABIN  TEMP.  ABOVE  25,000 

SYSTEM  SIMULATED  SIMULATED 

115  VaC  28  VDv"  S1ilX  S2/fX  S3 
AIRCRAFT  POWE3 


© 


Jl 

AMPLIFIER 
CONTROL 


SUIT         SUIT  TEMP.   BELOW  25,000  FT 
SYS  EM      SIMULATED        SIMULATED         =  yp3 


AMP.  OUTPUT 

0  0 

*SI  DS2 

0  0 


BENCH  R 


.  DS3  DS4. 


© 


© 


TP4 
OFF 


FLT.  LINE 
S6 


© 


© 


L 
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AIR  CONDITIONING  SYSTEM 
TEST  SET  AN/PSM-21A 


C3ABR42331-WB-205 


WORKBOOK 


Technical  Training 


Aircraft  Environmental  Systems  Mechanic 


TliMPERATURE  CONTROL  SYSTEM  TESTING 


CHANUTE  TECHNICAL  TRAINING  CENTER  (ATC) 
3370  Technical  Training  Group 
Chanute  Air  Force  Base,  Illinois 


DO  NOT  USE  ON  THE  JOB 
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Environmental  Pneudraulic  Branch 
Chanute  AFB-  Illinois 


C3ABR42331-WB-205 


TEMPERATURE  CONTROL  SYSTEM  TESTER 

OBJECTIVE 

Using  a  temperature  control  tester  and  multimeter,  perform  an 
operational  check  and  troubleshoot  the  cabin  and  equipment  "ir  conditioning 
systems  trainer ,  correctly  locating  3  out  of  4  of  the  assigned  troubles. 

EQUIPMENT 

Tester  AN/PSM-21A,  Temperature 

Control  System 
Irainer  3305,  Fighter  Air 

Conditioning  System 
Multimeter 

INFORMATION 

Performing  an  operational  analysis  (checkout)  of  the  system 
requires  that  you  use  a  CHECKOUT  PROCEDURE  CHART.    There  is  a  chart 
for  the  cabin  system  and  one  for  the  equipment  system.    The  laboratory 
instructor  will  assign  you  the  proper  chart  at  the  work  station. 
Look  at  how  the  charts  are  arranged  and  learn  how  to  follow  the 
instructions.    Below  is  a  typical  chart  for  the  cabin  system. 


PROCEDURE 

NORMAL  INDICATION 

REMEDY  FOR 
ABNORMAL  INDICATION 

3.    TEMPERATURE  CONTROL  PANEL  FOOT  HEAT  CHECK 

a.    Place  switch  SI  to 
CABIN  SYSTEM  position. 

b.    Place  switch  S2  to 
CABIN  TEMP  SIMULATED 
position. 

c.    Place  switch  S3  to 
BELOW  25,000  FT  SIMULATED 
position. 

d.    Set  the  SENSOR 
SIMUL/TOR  to  HOT. 

Supersedes  C3ABR42331-WB-205,  24  Januarv  1984. 
OPR:    3370  TCHTG 
DISTRIBUTION:  X 

3370  TCHTG/TTGU-P  -  500;  DAV  -  1 
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e.    Set  the  FOOT  HEAT/ 
DEFOC  lever  to  the  FOOT 
HEAT  position. 


AMP  OUTPUT  lamp  DS1 
comes  ON  and  DS2  lamp 
goes  OUT. 

The  cabin  dual  temp- 
erature mixing  valve 
pointer  moves  to  the 
OPEN  position. 


Replace  the  tempera- 
ture control  panel. 


Replace  the  cabin 
dual  temperature 
mixing  valve. 


The  chart  is  divided  into  three  sections;    PROCEDURE,  NORMAL  INDI- 
CATION, and  REMEDY  FOR  ABNORMAL  INDICATION.    To  use  the  chart  start 
at  the  top  and  read  from  left  to  rigjit.    Place  the  appropriate  switches 
in  the  positions  designated  and  observe  for  normal  indications.  Ex- 
ample:   start  by  placing  switches  SI  to  CABIN  SYSTEM  position  and  S2 
to  the  CABIN  TEMP  SIMULATED  position.    Switch  S3  is  moved  to  the 
BELLOW  25,000  FT  SIMULATED  position.    Then  set  the  SENSOR  SIMULATOR 
to  HOT  and  the  FOOT  HEAT/DEFOG  to  the  FOOT  HEAT  position.    The  nounal 
indication  should  be,  AMP  OUTPUT  lamp  D51  comes  on  and  DS2  lamp  goes 
OUT.    The  cabin  dual  temperature  mixing  valve  pointer  moves  to  the 
OPEN  POSITION.    Column  three  states  a  remedy  for  any  abnormal  indi- 
cation.   This  procedure  is  followed  throughout  the  complete  checkout. 

Complete  the  following  statements. 

1.      When  performing  the  steps  of  the  sample  checKout,  switch  SI 

should  be  moved  to  the     position;  switch  S2  to 

the  position,  and  switch  S3  to  the 

 position. 


2.      hhen  performing  the  temperature  control  panel  foot  heat 
check  the  FOOT  HEAT/DE10G  lever  should  be  placed  in  the   


position. 


3.      Column  three  shows  a 


for  any 


PROCEDURE 


Remove  your  jewelry  and  report  to  the  laboratory  instructor. 
The  instructor  will  provide  the  necessary  test  equipment  and  assign 
you  to  a  trainer.    You  will  be  directed  to  perform  an  analysis  of 
either  a  CABIN  SYSTEM  or  an  EQUIPMENT  SYSTEM. 

If  you  are  assigned  to  teat  the  CABIN  SYSTEM  use  the  checkout 
procedure  chart  given  in  SECTION  I,  Page  ^    The  checkout  procedure 
chart  given  in  SECTION  II,  Page  8  is  used  to  test  the  EQUIPMENT  SYSTEM. 
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When  using  the  SENSOR  SIMULATOR  to  ohtain  specific  resistance 
values,  MOVE  IT  VERY  SLOWLY .  This  unit  is  very  sensitive;  a  small 
movement  will  cause  a  large  change  in  resistance, 

CORRECT  RESPONSES  TO  STATEMENTS:      1.     CABIN  SYSTEM 

CABIN  TEMP  SIMULATED 

BELOW  25,000  FT  SIMULATED 

2.  FOOTHEAT. 

3.  REMEDY,  ABNORMAL  INDICATION 
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SECTION  T 
Cabin  System 


ERIC 


PROCEDURE 

NORMAL  INDICATION 

REMEDY  FOR 
ABNORMAL  INDICATION 

1 .  PREPARATION 

a.    Connect  the  test  cab- 
les to  the  AN  connector  (PI 
and  Jl)  of  the  temperature 
control  panel  and  the  con- 
nector panel,  then  connect 
the  large  end  to  the  tester. 

b.    Connect  the  multi- 
meter to  test  set  TPS  and 
TP6  jacks. 

c.    Set  the  FOOT  HEAT/ 
DEFOG  lever  to  the  DEFOG 
position. 

d.    Set  the  temperature 
control  panel  AUTO /MANUAL 
switch  to  the  OFF  position. 

e.    Apply  external 
electrical  power  to  the 
trainer. 

f.  Sensor  simulator 
in  ''MID-POSITION." 


4- 


Note:  Lights  which  glow  dimly  or  flicker  faintly  when  specified  as 
OUT,  do  not  indicate  a  malfunction. 


TEMPERATURE  CONTROL  PANEL  DEFOG  CH3CK 


a.    Set  and  hold  the 
temperature  control  panel 
AUTO /MANUAL  switch  to  the 
HOT  position. 


a.    Test  set  DS2  litfit 
comes  ON  and  DS1  light  re- 
mains OUT. 

Cabin  dual  temperature 
mixing  valve  pointer 
moves  to  the  CLOSE 
position. 

(Look  at  indicator  on 
valve,) 
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a.    Replace  the  tem- 
perature control 
panel. 

Replace  the  cabin 
dual  temperature 
mixing  vi ' ve. 


b.     Set  and  hold  the 
AUTO/MANUAL  switch  to  the 
COLD  position. 


c.  Set  the  AUTO/MAN- 
ual  switch  to  the  AUTO 
position  and  the  tempera- 
ture control  selector  to 
the  HOT  position. 

d.  Set  the  test  switches 
and  controls  as  follows : 

51  CABIN  SYSTEM 

52  CABIN  TEMP  SIMULATED 

53  ABOVE  25,000  FT 
SIMULATED 


e.  Press  the  test  set 
RESISTANCE  MONITOR  SENSOR 
switch  and  adjust  the  SEN- 
SOR SIMULATOR  until  the 
multimeter  reads  240  ohms. 

f.  Increrse  the  SEN- 
SOR SIMULATOR  until  DS2 
light  starts  to  PULSE. 

g.  Increase  the  SEN- 
SOR  SIMULATOR  until  DS2 
light  comes  ON  STEADY. 


h.  Press  the  RESIS- 
TANCE MONITOR  SENSOR  switch 
and  decrease  the  SENSOR 
SIMULATOR  until  the  multi- 
meter reads  300  ohms. 

i.  Decrease  the  SEN- 
SOR SIMULATOR  until  the  DS1 
light  starts  to  PULSE. 


b.    Test  set  DS2  light 
goes  OUT  and  DS1  light 
comes  ON. 

Cabin  dual  temperature 
mixing  valve  pointer  moves 
to  the  OPEN  position. 
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d.  Test  set  DS1  light 
goes  OUT  and  DS2  light  comes 
ON. 

Cabin  dual  temperature 
mixing  valve  pointer  moves 
to  the  CLOSED  position. 

e.  DS2  light  remains 
OUT  and  DS1  light  remains 
OUT  or  PULSING. 


£•  Multimeter  reads 
255  to  310  ohms. 


g.  Cabin  dual  npera- 
ture  mixing  valve  4  iter 
moves  to  the  CLOSED 
position. 

h.  DS1  light  remains 
OUT  and  DS2  light  remains 
OUT  or  PULSING. 


i.  Multimeter  reads 
235  to  295  ohms. 
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b.  Replace  the 
temperature  control 
panel. 

Replace  the  cabin 
dual  temperature 
mixing  valve. 


d.  Replace  the 
temperature  control 
panel. 

Replace  the  cabin 
dual  temperature  mix- 
ing valve. 

e.  Replace  the 
temperature  control 
panel. 


f.  Replace  the 
temperature  control 
panel • 

g.  Replace  tbe 
cabin  dual  temperature 
mixing  valve. 


h.  Replace  the 
temperature  control 
panel. 


i.  Replace  the 
temperature  control 
panel. 


3.     CABIN  TEMPERATURE  SENSOR  CHECK 


a.  Connect  the  multimeter 
to  the  test  ~et  TP 3  and  TP 4 
jacks . 

b.  Set  SI  switch  to  the 
CABIN  SYSTEM  position. 

c.  Set  S2  switch  to  the 
CABIN  TEMP  SIMULATED  position 

d.  Set  S6  switch  to  the 
FLT  LINE  position  for  NO  MORE 
THAN  4  seconds,  observe  the 
multimeter  and  record  the 
resistance. 


e.    Plot  resistance 
versus  ambient  temperature 
using  figure  1. 


e.    Resistance  shall 
fall  within  the  shaded 
area. 


e.  Replace  the  cabiji 
temperature  sensor. 


Complete  the  following  statements. 

1.      If  you  received  an  infinity  reading  on  the  multimeter  during 


this  check  it  would  indicate  __ 
the  sensor  or  the  sensor  circuit* 


(A  SHORT  or  AN  OPEN) 


2.      With  switch  SI  in  the  CABIN  SYSTEM  position,  switch  S2  in  the 
CABIN  TEMP  SIMULATED  position,  and  the  EXTERNAL  switch  (S6)  DEPRESSED, 


the  multimeter  reads  "O11.  This  indicates 
OPEN)  in  the  cabin  sensor. 


(A  SHORjC  or  AN 


ANSWERS  TO  PROCEDURE  3:    Have  your  instructor  verify  your  answers. 
1.    an  open  2.    a  short 


At  this  time  turn  to  the  trouble  list  at  iha  back  of  this  book* 
Accomplish  the  four  troubles  under  the  "CABIN  SYSTEM"  section.  The 
instructor  may  assist  you  on  one  of  these  problems. 

After  you  have  completed  this  trouble  list  you  have  completed  this 
lesson.    If  you  had  difficulty  performing  any  of  the  steps,  ask  your 
instructor  for  assistance.    If  not,  turn  to  page  #9  and  complete  the 
FQUIPMENT  SYSTEM  lesson. 
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SECTION  II 
Equipment  System 


PROCEDURE 

NORMAL  INDICATION 

REMEDY  FOR 
ABNORMAL  INDICATION 

1.  PREPARATION 

a.    Disconnect  con- 
nector 42P401  from  tempera- 
ture control  assembly  42AR401. 

b.    Connect  the  test  set 
cables  to  the  AN  connector 
(PI  and  Jl)  of  the  tempera- 
ture control  panel  and 
connector  to  the  panel 
then  connect  the  large 
end  to  the  tester. 

c.    Connect  .he  multi- 
meter to  TPS  and  TP6  of  the 
test  set. 

1 

d.    Set  the  test  set 
switches  and  controls  as 

f  ol  1  nufl  • 

x  w  j.  -i- vj  w  o  • 

SENSOR  SIMULATOR 

Mid-position 
LIMITER  SIMULATOR 

Mid-pot  .tion 

51  CABIN  SYSTEM 

52  CABIN  TEMP  SIMULATED 

53  BELLOW  25,000  FT 
SIMULATED 

S6  OFF 

e.    Apply  external 
electrical  power  to  the 
trainer. 
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Note:    Dimly  lighted  or  flickering  lights  are  considered  OUT, 


2.  CHECKOUT 

a.  Momentarily  press 
the  RESISTANCE  MONITOR  SEN- 
SOR switch  and  adjust  the 
SENSOR  SIMULATOR  for  a 
multimeter  indication  of 
2150  ohms. 

b.  Decrease  the  SEN- 
SOR SIMULATOR  until  D31  light 
light  starts  to  PULSE. 

Press  the  RESISTANCE  MONI- 
TOR SENSOR  switch. 

c*    Increase  the  SEN- 
SOR SIMULATOR  until  DS1  and 
DS2  lights  stop  PULSING, 
then  increase  further  jntil 
DS2  light  just  starts  o 
PULSE.    Press  the  RESIS- 
TANCE MONITOR  SENSOR  svitch. 

<d.    Decrease  the  S£N- 
SOR  SIMULATOR  until  DS1 
light  just  illuminates 
STEADY.    Press  th.-  RESIS- 
TANCE MONITOR  SENSOR 
sv'itch . 


e.  Increase  the  SEN- 
SOR SIMULATOR  until  DS2 
light  just  illuminates 
STEADY.    Press  the  RESIS- 
TANCE MONITOR  SENSOR 
switcli. 

f.  Position  S3  switch 
to  the  ABOVE  25,000  FT 
SIMULATED  position. 


g.    Momentarily  press 
the  RESISTANCE  MONITOR 
SENSOR  switch  and  adjust 
the  SENSOR  SIMULATOR  for  a 
multimeter  indication  of  5700 
ohms. 


a.    If  lights  DS1  and 
and  DS2  pulse,  disregard 
the  indication. 


b.  Multimeter  indi- 
cates 1765  to  2245  ohms. 

DS2  light  is  OUT. 


c.  Multimeter  indi- 
cates 1850  to  2370  ohms. 

DS1  ligjit  is  OUT. 


p 


d.  Multimeter  indi- 
cates 430  to  805  ohms. 

Turbine  bypass 
valve  position  pointer 
indicates  the  valve  is 
closed. 

e.  Multimeter  indi- 
cates 3888  to  6448  ohms. 

Turbine  bypass  valve 
position  pointer  indicater 
the  valve  is  OPEN. 

f.  Turbine  bypass 
valve  position  pointer 
indicates  the  valve  is 
OPEN. 

If  DS1  and  DS2  lights 
PULSE,  disregard 
indication. 


b.  Replace  tem- 
peratur      ontrol  assembly 

Replace  the  tem- 
perature control  assembly 

c.  Replace  the  tem- 
perature control  assembly 

Replace  the  tem- 
perature control  assembly 


d.    Replace  the  tem- 
perature control  assembly 

Replace  the  tem- 
perature control  assembly 


e.    Replace  the  tem- 
perature control  assembly 

Replace  the  tem- 
perature control  assembly 


t.    Replace  the  tem- 
perature control  assembly 
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h.  Adjust  the  SEN- 
SOR SIMUL/TOR  until  DS1 
and  DS2  lights  are  OUT. 
Press  the  RESISTANCE 


h.  Multimeter  indi- 
cates 5110  to  6420  ohms. 


f 


h.  Replace  the 
temper atui a  control 
assembly. 


MONITOR  SENSOR  switch. 


Turbine  bypass  valve 
position  pointer  indi- 
cates valve  is  OPEN. 


Replace  the  tem- 
perature control 
assemb ly. 


i.    Increase  the  SEN- 
SOR SIMULATOR  until  DS2 
light  just  starts  to  PULSE. 
Press  the  RESISTANCE  MONI- 
TOR SENSOR  switch. 


i.  Multimeter  indi- 
cates 5200  to  6420  ohms. 


i.  Replace  the 
temperature  control 
assembly. 


j.    Decrease  the  SEN- 
SOR SIMULATOR  until  DS1 
light  just  starts  to  PULSE. 


j.  Multimeter  indi- 
cates 5150  to  6335  ohms. 


j .  Replace  the 
temperature  control 
assemb ly. 


Press  the  RESISTANCE  MONITOR 
SENSOR  switch. 


3.    SENSOR  RESISTANCE  CHECK 

a.  Connect  the  multi- 
meter leads  to  TP1  and  TP2 
jacks  of  the  test  set. 

b.  Place  the  SEN- 
SOR SIMULATING  selector 
switch,  located  on  the 
front  of  the  trainer,  to 
the  NORMAL  position. 

c.  Perform  a  resis- 
tance check  of  the  equip- 

system  temperature 
sensor. 

N  ;e:    The  external  meter  switch  is  the  switch  marked  S6  (BENCH,  OFF, 
FLT  LINE).    Depress  means  to  hold  it  to  the  FLT  LINE  position.  Do 
not  hold  it  in  this  position  longer  than  4  seconds. 

Complete  the  following  statements. 

1.      The  resistance  reading  for  the  SENSOR  is    ohms. 


2.      Use  figure  1  to  compare  your  readings  to  the  value  given  on 
the  chart  with  the  present  ambient  temperature.    Ask  your  instructor 
for  the  ambient  temperature.    Is  the  SENSOR  resistance  value  within 

the  tolerance  given  in  the  chart?    (YES/NO) 
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3. 


If  you  receive  an  infinity  reading  on  the  multimeter 


during  this  check  it  indicates 


(A  SHORT  or  AN  OPEN)  in 


the  SENSOR  or  sensor  circuit. 

4.      During  this  check,  if  the  multimeter  reads  0  ohms  it  indicates 
  (A  SHORT  or  AN  OPEN)  in  the  sensor  or  sensor  circuit. 


ANSWERS  TO  PROCEDURE  3:  Have  your  instructor  verify  your  answers  to 
statements  1  and  2. 


At  this  time  turn  to  the  trouble  list  at  the  back  of  the  book. 
Accomplish  the  four  troubles  under  the  "EQUIPMENT  SYSTEM"  section. 
The  instructor  may  assist  you  on  one  of  these  problems. 

After  you  have  completed  the  trouble  list  you  have  completed  this 
lesson.    If  you  had  diificulty  performing  any  of  the  steps,  ask  your 
instructor  for  assistance.    If  not,  report  to  the  instructor. 


3. 


an  open 


a  short 
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AMI  It  NT  TE«4fEVTURE -DEGREES  f 


mm 

1.  FOt  ANY  GIVEN  TEMPERATURE,  RESISTANCE  MUST  f  ALL  WITHIN 
SHADED  AREA. 

2.  GRAPH  *A»,  USE  FOft  CHECKING  SENSORS  AND  IIMITERS  WHEN 
INSTALLED  (N  AJRCRA* T. 


3.  GRAPH  USE  ONLY  WHEN  A SENSOR  Oft  LlMITER  IS  REMOVcO 
MOM  THE  AiRCRAfT  AND  IS  PLACED  IN  A  CONTROLLED  TEMPER- 
ATURE ENVIRONMENT  ft. ft.  SUIMlftGC  UNIT  IN  WATER  THAT  IS 
TEMPERATURE  CONTROLLED) 


Figure  1. 
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AIR  CONDITIONING  SYSTEM 
TEST  SET  AN/PSM-21A 


Foldout  1.    AN/PSM-21  Air  Conditioning  Tester  for  the  F-4C,  D,  and  E. 
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Envi.  jnmental/Pneudraulics  Branch 
Chanute  AFB,  Illinois 


SERVICE  TEST 
C3ABR42331-SG-205 
26  April  1984 


TESTER  FAMILIARIZATION  AND  OPERATION 


OBJECTIVE 


Relate  4  out  of  5  controls  of  the  temperature  co^Tol  system  tester 
with  their  function. 

INFORMATION 

The  ECS  fault  isolation  test  set  (tester)  is  a  portable  te  ter 
intended  to  monitor  pressure,  temperature,  and  electrical  signals  from 
the  environmental  control  system  (ECS).    The  tester  is  capable  of  providing 
signals  to  the  ECS  while  monitoring  other  responses.    The  tester  provides 
the  capability  to  isolate  malfunctions  in  the  ECS  to  a  defective  line 
replaceable  unit  (LKU) . 

The  tester  electrically  connects  to  the  aircrtit  ECS  test  connector 
located  near  the  ground  air-conditioning  receptacle  on  the  left-hand  side 
of  the  aircraft.    Pneumatic  hoses  and  an  interconnecting  electric  cable 
with  a  temperature  sensor  are  provided  v:ith  the  tester  to  interconnect 
the  tester  with  test  points  on  the  ECS  ducting. 


This  section  will  consist  of  identifying  the  different  parts  of  the 
tester  and  what  they  do. 

We  will  begin  with  the  power  switch. 

On/Off  Power  Switch 

This  switch  located  in  the  upper  lc  t  corner  of  thf;  tester  is  used 
for  turning  power  on  ->r  off  of  the  test*  J.    The  tester  receive*  power 
directly  from  the  ai*.c*aft.    This  switch  also  serves  as  a  circuit  breaker 
(CB).    A  power  light  is  located  directly  above  the  switch. 

Signal  Input 

The  signal  input  is  located  directly  under  on/off  switch  and  is 

used  to  connect  the  mz±n  power  cord  to  the  tester.  This  main  power  cord 

gives  complete  tester  interface  for  all  operational  checks  and  trouble- 
shooting procedures. 


OPR:  3370  TCHTG 
DISTRIBUTION:  X 

3370  TCHTG/TTGU-P  -  350;  DAV  -  1 


Tester  Familiarization 


Designed  for  ATC  Course  Use.     Do  Not  Use  on  the  Job. 
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Auxiliary  Temperature  Probe  -  The  auxiliary  temperature  probe  is 
located  directly  under  the  signal  input  connector  and  is  used  tc  connect 
an  extern;  1  temperature  probe.    The  temperature  probe  can  be  used  to 
measure  airbient  (outside)  temperatures  or  it  can  be  installed  in  the 
aircraft  to  measure  duct  temperatures. 

Digital  Display  -  The  digital  display  consists  of  four  displays 
which  give  different  readings  for  different  functions.    The  top  three 
displays  consist  of  temperature;  pressure  and  multimeter.    The  bottom 
display  will  tell  the  user  how  the  multimeter  is  set.    All  readouts  are 
Light  Emitting  Diode  (LED).    The  displays  are  determined  by  the  function 
knob  settings. 

Function  Knobs  -  (Center  Row  of  Knobs)    There  are  seven  function 
unobs  used  for  various  functions,  operational  checks  and  troubleshooting. 

Each  knob  °  id  its  function  will  be  explained  in  the  fol1owing 
paragraphs.    We  will  start  with  rhe  top  knob. 

Temperature  -  This  function  knob  \as  five  positions. 

Cal  -  This  position  is  used  in  conjunctic  i  with  the  calibration 
of  the  tester.    It  is  calibrated  at  32°F. 

Cabin  -  When  in  this  position  the  thermocouple  in  the  cabin 
supply  air  manifold  senses  the  temperature  going  into  the  cockpit. 
(T.P.  33) 

Avionics  -  Thermocouple  in  the  avionics  supply  air  manifold 
senses  temperature  of  air  going  into  the  avionics.     (T.P.  34) 

Manifola  -  Thermocouple  in  hot  air  manifold  senses  temperature 
of  air  in  the  manifold  duct.     (T.P.  26) 

Aux  -  This  position  is  used  in  conjuration  vith  the  aux 
temperature  probe. 

All  temperature  readouts  will  be  found  in  the  digital  display  space 
labeled  "Temp  CF". 

Pressure  -  The  pressure  krob  has  four  positions  and  can  be  found 
directly  under  the  temperature  knob. 

The  four  positions  of  the  pressure  knob  correspond  to  the  pressure 
select  handles  and  test  ports  located  on  the  right  side  of  the  tester. 

The  first  position  of  the  r~essure  knob  is  15  inches  H2O.    This  te^t 
position  is  used  to  measure  ai    pressure  in  inches  of  water. 

15  psig  -  This  position  is  used  when  measuring  a  pressure  up  to  but 
not  more  than  15  psig.    Used  in  conjunction  with  the  0-15  psig  select 
handle  and  the  four  0-15  psig  innut  ports  located  to  the  right  of  the 
0-15  psig  select  hand"'  2.    These  input  ports  are  used  in  conjunction  with 
sele:t  handles.     (Ex*  .yl*:    0-15  psig  select  handle  position  //l,  use 
0-15  psig  input  port  //] 
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60  psig  -  This  position  is  used  when  measuring  pressure  of  0  to  60  psig. 


300  psig  -  Used  when  measuring  a  pressure  of  0*300  psig. 

The  select  handle  and  input  ports  for  the  60  psig  and  300  psig  are 
used  just  like  the  15  psig  position. 

All  pressure  reading  will  be  found  in  the  digital  display  readout 
labele  1  "Pressure." 

Multimeter  -  The  multimeter  function  knob  has  5  positions. 

Int  -  If  the  internal  position  is  used,  then  the  next  four  function 
switches  are  used  to  check  out  the  ECS  system.  This  position  will  allow 
all  voltage  readings  to  be  taken  from  the  system. 

This  tester  incorporates  a  built  in  multimeter  located  on  the  bottom 
left  side  of  the  tester.    When  using  this  multimeter,  use  the  last  four 
positions  of  the  multimeter  function  knob  listed  below. 

DC  Volts  -  Almost  all  of  the  system  is  DC  voltage.    Use  this  position 
*  len  checking  for  DC  voltage. 

Ohm  -  This  position  is  used  when  checking  resistances. 

AC  /olts  -  This  position  allows  AC  voltage  readings  to  be  taken. 

DC  MA  -  Used  to  check  for  DC  milliampere  readings. 

The  last  (bottom)  four  function  switches  are  used  vaen  troubleshooting 
and  operationally  checking  the  GCS  system. 

Located  in  the  bottom  of  the  tester  is  a  storage  compartment. 
Contained  in  the  storage  compartment  is  the  necessary  miscellaneous 
equipment  listed  below. 

Multimeter  leads  -  Ten  foot  set  of  leads  used  to  check  voltage 
readings  and  resistance  readings  with  the  built  in  multimeter.    Use  test 
poxnts  labeled  Hi  (Red)  Lo  (Black)  for  the  multimeter.    The  otht-  test 
pof  ns  located  under  the  access  panel  allow  you  to  take  reauings  from 
the  pins  of  the  main  power  cord.    Jumper  wires  ere  also  used  to  jun.b 
from  one  pin  to  another. 

Hoses  -  13  hoses  located  in  the  storage  compartment  are  used 
to  connect  the  tester  to  the  aircraft.    Used  when  checking  pressure 
readings. 

Cables  (electrical)  -  Also  four  \  in  the  storage  compartment  is  the 
electrical  cable  to  connect  the  tester  to  the  aircraft  for  power  and  the 
temperature  probe  and  cable  to  connect  the  pro'je  to  the  tester. 

Unions  -  Used  to  connect  the  hoses  to  the  aircraft  test  points. 
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PROGRAMMED  TEXT 
3ABR42331-PT-206A 


Technical  Training 


Aircraft  Environmental  Systems  Mechanic 


BOMBER  AIR  CONDITIONING  SYSTEM 


16  March  1981 


«U  ^  & 


CHANUTE  TECHNICAL  TRAINING  CENTER  (ATC) 
3370  Technical  Training  Center 
Chanute  Air  Force  Base,  Illinois 

Designed  for  ATC  bourse  Use. 

Do  Not  Use  on  the  Job, 

RGL'  10.  (, 
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OBJECTIVE 


Relate  the  name  of  each  cabin  air  conditioning  system  component 
to  its  operation  with  a  minimum  of  80%  accuracy. 

INSTRUCTIONS 

This  programmed  text  presents  information  in  small  steps  called 
"frames."    After  each  step  you  are  asked  to  select  the  correct 
statement,  match  a  statement,  or  respond  in  some  other  way  to  the 
information  presented.    Read  the  material  presented  and  make  your 
response  as  directed  by  the  instructions.    Compare  your  response  with 
answers  found  on  the  next  page  or  pages.     If  you  are  wrong,  read  the 
frame  again,  and  then  write  the  correct  response  next  to  your  previous 
answer. 


Supersedes  3ABR42331-PT-206A, 16  September  1980. 

OPR:     3370  TCHTG 

DISTRIBUTION: 

3370  TCHTG/TTGU-P  -1000;    DAV  -  1 


Frame  1 


Shown  below  is  a  schetnatic  of  the  Bomber  Air  Conditioning  System. 
This  programmed  text  will  go  through  the  nomenclature  (name)  and 
purpose  of  each  component  part  of  the  system  beginning  with  the  Air 
Conditioning  System  Shutoff  Valve.    Look  over  the  schematic  to  find 
the  source  of  bleed  air  and  to  get  an  idea  where  each  part  is  located. 
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Refer  to  the  schematic  above  and  place  the  lette       in  the  blank 
space  before  each  of  the  following  statements  that  are  rue. 


1*      The  normal  source  of  bleed  air  is  Strut  No.  2 


2.      The  alternate  (emergency)  source  of  blaed  air  is  Strut  No.  3. 

.3.      The  Air  Conditioning  System  Shutoff  Valve  is  used  to  open  and 
close  the  bleed  air  supply  Jine  gemg  to  the  air  conditioning 
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Answers  to  Frame  1:     1.     1     2.     T    3.  T 
Frame  2 

The  first  valve  that  is  in  tl»e  Bomber  Air  Conditioning  System  is  the  Air 
Conditioning  Shutoff  Valve.     The  shutoff  valve  is  a  butterfly  type  valve  that 
is  driven  by  a  single-phase  118-volt  AC  motor.     This  valve  has  two  purpos2s. 
The  first  is,  the  valve  opens  to  let  engine  bleed  air  to  enter  the  air  con- 
ditioning system  for  normal  operation.     The  second  is,  the  valv   will  close  to 
shut  off  airflov.  to  the  3ir  conditioning  system  when  the  system  i.z  not  in  use 
or  in  case  of  an  emergency.     The  shutoff  valve  is  controlled  by  tne  Cabin 
Pressure  Master  Switch  which,  in  the  off  or  Ram  position,  energizes  the  "close" 
winding.    When  in  the  7.45  psi  or  the  Combat  4.50  psi  position,   the  open 
winding  is  energized. 


Fill  in  the  blanks  to  complete  the  following  statements: 

1.  The  first  valve  in  the  Bomber  Air  Conditioning  system  is 

the   _  _  

valve. 

2.  The  Air  Conditioning  Shutoff  valve  

to  allow  bleed  air  to  flow  into  the  

  system. 


3.    The  air  conditioning  shutwff  valve   

to  stop  bleed  air  flow  into  the  Air  Conditioning  System. 


Answers    ^  Frame  2:    1.    air  conditioning  shutoff 

2.    opens,  cabin  air  conditioning      3.  closes 

Frame  3 

\The  Air  Conditioning  System  Filter  is  shown  below.     It  is  the  next  'init 
in  the  sequence  of  airflow.    The  filter  is  installed  to  remove  contamination 
in  the  air  supply.    The  filter  consists  p_f  a,  pressure  shell  (4),  _an  end 
chamber  (12),  and  replaceable  filter  elements  _7).     The  filter  elements  are 
of  two_typ.es;  particulate  £3) ,  which  screens  out^soldd  particles,  and  catalytic 
(8),  which  changes  any  obnoxious  *ases  and  vapors  into  harmless  products. 
The  particulate  filters  are  formv  *  of  layers  o£  fiberglas  batting  (sheets). 
The  catalytic  filters  consists  of  a  patented  granular  substance  (Hopcalite) 
held  in  position  between  the  screens  ^nd  fiberglas.     The  active  catalytic 
material  is  a  mixture  of  copper  and  manganese  oxides  which  cause*5  a_reaction 
between  any  contaminates  ajid  the  oxygen  In  the  air  supply,  oxidizing  tttem  t o 
harmless  water  ^r  carbon  dioxide.    There  are  two  particulate  filters,  ojae  on 
each  side  of  the  filter  unit,  ajrufy  these  can  be  replaced  without  changing  the 
inner  catalytic  filler  element. 


Answer  the  statements  as  either  True  or  False. 

1.  Any  obnoxious  gases  and  vapors  such  as  fules  and  oil  *umes 
are  turned  into  harmless  products  by  the  catalytic  element. 

2.  Two  catalytic  elements  and  one  particulate  element  are 
installed  in  the  ~V.  er. 

3.  The  overall  purpose  of  the  catalytic  filtnr  is  to  remove 
contamination  of  any  sort  from  the  air  supply. 

5 
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Answers  to  Frame  3:    1.    T    2.    F    3.  T 
Frame  4 

(The  pack  Pressure  Limiter  (5),  is  shown  in  the  picture  below.    It  is 
located  on  the  forward  lower  section  of  the  air  conditioning  pack.  This 
valve  maintains  an  even  airflow  through  the  system  under  varying  inlet 
pressures  and  outlet  flow  demands.    The  main  components  of  the  limiter  are 
a  Venturi  section  (la),  a  diaphragm  operated  control  head  (2a),  and  a 
pneumatically  actuated  Butterfly  Valve  (3a),  which  controls  rate  of  air- 
flow through  the  system.    The  limiter  maintains  a  constant  differential 
across  the  venturi  by  opening  or  closing  the  butterfly,  thereby  regulating 
system  airflow  to  approximately  140  pounds  per  minute. 

Go  back  to  ?2ge  3  of  this  text  and  look  at  your  air  conditioning 
schematic.    You  will  notice  that  airflow  from  the  pack  pressure  limiter 
flow  xn  two  directions.    Airflow  from  one  direction  flows  to  the  heat 
exchanger.    Air  flow  from  the  other  direction  flows  to  the  air  conditioning 
modulating  valve\    First,  we  will  discuss  airflow  to  the  heat  exchanger. 


Circle  the  number  of  the  statement  that  best  describes  the  purpose 
of  the  pack  pressure  limiter. 

1.      The  pack  pressure  limiter  maintains  the  rated  airflow  capacity 
of  the  air  conditioning  system  at  approximately  140  lbs  per 
minute. 

°.      The  pack  pressure  limiter  maintains  a  constant  flow  of  ram 
air  into  the  air  conditioning  system. 
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Answer  to  ?^ame  4: 


Frame  5 

Write  the  letter  of  the  component  found  in  column  B  in  the  appropriate 
space  provided  to  the  left  of  the  purpose  in  column  A. 


4. 


5. 


6. 


Colunri  A 

Regulates  the  system  airflow  to 
approximately  140  pounds  per 
mirute. 

Used  to  open  and  close  the  air 
supply  line  going  to  the  air 
conditioning  system. 

Changes  any  obnoxious  gases  and 
vapors  into  harmless  products. 

Removes  solid  particles  from 
the  air. 

Normal  source  of  bleed  air. 
Emergency  source  of  bleed  jir. 


Column  B 

a.  Air  Conditioning  System 
Shu toff  Valve 

b.  Particulate  Element 

c.  Catalytic  Element 

d.  Pack  Pressure  -imiter 

e.  Strut  No.  3 

f .  Strut  No.  1 

g.  Strut  No.  2 
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Answers  to  Frame  5:    1.    d      2.    a      3.    c      4,    b      5.    g     6.  e 
Frame  6 

A  heat  exchanger,  shown  in  the  schematic  below,  Is  used  to  cool 
the  engine  bleed  air.    The  air  conditioning  ram  air  sr.  op  is  in  the 
leading  edge  of  the  left  wing. 

Engine  bleed  air  flowing  through  the  heat  exchanger  is  cooled 
by  ram  air  entering  the  pack  at  the  ram  air  inlet  (shown  in  the  sketch). 
The  ram  air  which  flows  across  the  heat  exchanger  core  cools  the 
bleed  air  by  transferring  heat  energy  from  the  bleed  air  to  the  ram 
air.    Additional  cooling  is  accomplished  by  the  water  injector,  which 
will  be  described  to  you  in  Frame  12, 


RAM  AIRSCOOP 


Place  the  letter  T  in  the  blank  space  before  each  of  the  following 
that  are  true  statements. 

 1.      The  heat  exchanger  cools  the  engine  bleed  air  by  transferring 

heat  energy  from  the  bleed  air  to  the  ram  air. 

 2.      Ram  air  from  a  scoop  in  the  leading  edge  of  the  left  wing 

circulates  around  the  tubes  of  the  heat  exchanger. 

 3.      if  the  ram  air  scoop  becomes  blocked,  the  flow  of  ram  air  would 

stop.    This  would  cause  the  engine  bleed  air  to  leave  the  heat 
exchanger  at  the  s&ne  temperature  at  which  it  entered. 
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Answers  to  Frame  6:    1.    T      2.    T      3.  T 


Match  each  purpose  given  below  with  a  component  in  the  illustration 
and  write  the  number  from  the  illustration  in  the  space  provided. 


AIR 

CONDITIONING 
RAM  AIHJCOOP 


1. 

2. 
3. 
4. 


Used  to  open  and  close  the  air  supply  line  going  to  the 
cabin  air  conditioning  system. 

Regulates  the  system  airflow  to  approximately  140  pounds  per 
minute. 

Cools  the  engine  bleed  air  by  transferring  heat  energy 
from  the  bleed  air  to  ram  air. 

Removes  any  contamination  such  as  solid  particles  and 
obnoxious  gases  from  the  air. 
Normal  source  of  engine  bleed  air. 
Emergency  source  of  bleed  air. 


BEST  COPY  AVAILABLE 
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Answers  to  Frame  7:    1.     7    2.    13    3.     22    4.     11    5.     2      6.  1 


Frame  8 

Tlie  Air  Conditioning  Pack  Turbine  Assembly,  sjipwn  in  the  ketch, 
consists  of  a  rotating  shaft  Jto  which  are  affixed  j.  turbine  wht'el~~and 
fan  impellers,  a  housing  which  contains^fan  and  turbine  cast  gsf,  the 
necessary  shaff* bearings,  and  an  oil  sump.     The  turbine  cools  the  engine 
bleed  air  b^  converting  heat  energy  into  mechanical  energy  and  b£  rapid 
expansion.    The  fan  on  the  same  shaft  provides^  a  load  for  ttje  t"  Mne 
prevent  overspeeding  and' circulates  air  through  the  heat  exchan^.  .  The 
fan  is  driven  by  the  expansion  turbine.    rQl£  turbine  fan  is  also  equipped 
with  an  oil  sump  (wick)  heater.    The  heater  prevents  the  turbLne  £#n 
bearings  from  becoming  damaged  by  preventing  the  temperature  j^f  the 
lubricating  oil  from  dropping  to  a  point  that  could  caupc  improper 
lubrication. 


SUMP 


Place  the  letter  T  alongside  each  of  th2  following  that  are  tr-ae 
statements. 

 1.      The  turbine  wheel  cools  the  engine  bleed  air  by  converting 

heat  energy  to  mechanical  energy  and  by  rapid  expansion. 

 2.      The  fan  provides  a  load  to  prevent  overspeeding  of  the 

turbine  and  circulates  ram  air  through  the  heat  exchanger. 

3.      The  maximum  temper  ture  drop  of  the  bleed  air  takes  place 
across  the  tubine. 

 4.      The  engine  bleed  air  cooled  by  the  turbine  comes  from  the  ran 

ait  scoop  in  the  leading  edge  of  the  left  wing. 
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Answers  Lo  Frame  8:     1.    T    2.    T    3*    T  4. 


Frame  9 


The  cold  air,  which  is  being  discharged  from  the  turbine,  will  then 
flow  into  the  water  separator*    The  water  separator  takes , the  moisture 
out  of  the  air,  which  will  reduce  fogging  or  snowing  in  the  cabin. 

As  the  cooled  air  enters  the  water  separator  it  flows  through  a 
condenser  screen  (2)  made  of  a  fiberglas  fabric.     The  condenser  screen 
is  mounted  on  a  cone-shaped  grid  (5)  with  louvered  openings.     In  passing 
through  the  screen,  water  vapor  is  condensed  into  droplets  which  pass 
into  the  eliminator  (3)  and  are  thrown  rapidly  outward  by  the  rotating 
force  caased  by  the  air  passing  th  rough  the  louvered  grids •     The  water 
droplets  drain  through  circular  perforations  in  the  inner  wall  of  the 
eliminator  and  flow  downward  through  the  annular  space  formed  by  the 
collector  section  and  the  outer  shell  of  the  water  separator  to  a  sump. 
A  fitting  is  provided  in  the  sump  to  drain  water  from  the  separator. 
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SEPARATOR 
BYPASS 
VALVE 
CONTROL 


2J    CON  DEN  S  OR  SCREEN 


AIR  \ 
,NUT  > 
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DRAIN  FITTING 


Circle  the  letter  of  the  statement  that  best  describes  the  purpose 
of  the  water  separator. 

A.  The  water  separator  removes  moisture  from  the  heat  exchanger 
ram  discharge  air. 

B.  The  water  separator  removes  moisture  from  the  cooled  tui 1  me 
discharge  air  and,  thus,   reduces  fogging  or  snowing  in  the 
control  cabin. 


ERLC 


C.      The  water  separator  removes  moisture  from  the  ram  air 
entering  the  cabin. 

11 
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Answer  to  Frame  9:  b 
Frame  10 

The  water  separator  bypass  valve  (1)  is  a  part  of  the  water 
separator.    The  valve  is  used  to  bypass  the  water  separator  condenser 
screen  under  two  conditions.    Above  36,000  feet,  the  bypass  valve 
will  open  so  that  the  cooled  air  can  bypass  the  condenser  screen; 
and,  if  the  condenser  screen  should  ice  up  or  get  clogged,  the  bypass 
valve  would  open  then,  too. 


MOM  W ATE! 
SEPARATOR 
BYPASS 


BYPASS  VAIVE 


® 


CO NDENSOR  SCREEN 


DRAIN  FITTING 


Place  the  letter  T  alongside  each  of  the  following  chat  are 
true  statements* 


1. 


2. 


4. 


The  water  separator  condenser  screen  is  bypassed  at 
altitudes  above  36,000  feet  because  of  the  lack  of 
moisture  in  the  air. 

Icing  or  clogging  of  the  condenser  screen  will  cause 
a  higher  than  normal  pressure  differential  across  the 
screen  that  will  open  the  bypass  valve. 

The  bypass  valve  is  installed  in  the  a:*r  outlet  end 
of  the  water  separator. 

Opening  the  bypass  valve  forces  the  cooled  air  through 
the  screen  instead  of  letting  the  cooled  air  go  around 
the  screen. 


9 
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Answers  to  Frame  10:     1.    T      2.    T      3.    F      4.  F 


Frame  11 

When  the  air  conditioning  system  is  on  and  the  aircraft  has 
reached  36,000  feet  or  above,  the  aneroid  pressure  switch  opens, 
energizing  the  water  separator   bypass  valve  solenoid.    This  will 
open  the  valve  and  permit  bleed  air  pressure  to  flo*  from  a  port 
at  the  top       the  air  conditioning  pack  to  the  control  chamber  of 
the  water  separator  bypass  valve,  opening  the  bypass  valve.  Cooled 
air,  wh  1    ^'passing  the  condsnser  screen,  then  flows  through  the 
water  set        >r.    The  water  separator  bypass  valve  control  is  a 
solenoid  c    i/ated  air  valve.    Refer  to  the  two  illustrations  shown 
and  then  read  each  statement  on  the  next  page  and  place  the  letter 
T  beside  each  of  the  true  statements. 
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Frame  11  (Continued) 

 1.      The  water  separator  bypass  valve  control  is  a  solenoid 

operated  air  valve. 

 2.      The  water  separator  bypass  valve  control  will  permit  high 

pressure  air  to  flow  from  a  port  on  the  air  conditioning 
pack  to  the  control  chamber  of  the  water  separator  bypass 
valve  and  force  the  bypass  valve  open. 

 3.      Opening  the  water  separator  bypass  valve  will  allow  cooled 

air  to  bypass  the  water  separator  condenser  screen. 


ERLC 
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Answers  to  Frame  11:    1.    T    2.     T  3. 


Frame  12 


The  moisture  from  the  water  separator  will  flow  in  two  separate 
directions  as  shown  by  the  arrows  on  the  schematic. 

The  water  injector  shown  sprays  water  over  the  heat  exchanger  coils 
to  provide  additional  cooling  of  the  engine  bleed  air. 

The  water  trap  is  a  float  actuated  dr^in  valve.     The  trap  is  used 
to  let  the  separated  water  be  removed  from  the  system  without  the  less  of 
air.     The  trap  is  essentially  a  float  actuated  drain  valve.    A  mixture  of 
water  and  air  enters  tne  trap  at  the  tangent  fitting;  the  water  ajid  air 
are  separated  by  rotating  around  the  cone.    The  water  gathers  under  the 
float  and  the  air  returns  to  the  system  through  the  air  return  tube  at 
the  top  of  the  trap.    When  sufficient  water  4s.  available  £p  raise  the 
float,   rhe  upward  movement  opens  a.  valve,  allowing  the  water  to  be  dis- 
charged overboard.     Internal  trapypressure  assists  in  closing  the  valve 
as  soon  as  the  water  has  been  removed. 


COnDI»  OninS 

mui*  Ait  b  y.  *ss 


TJT:  -f4T  £lC<»»«C.t»<C3 


dip 


l)  aii  irruiN  connection 


7j  AMD  CONNCCTJOK 
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Refer  to  the  illustration  shown,   then  read  each  statement  below 
and  place  the  letter  T  beside  each  statement  that  is  true. 

 1.      Additional  cooling  of  the  engine  bleed  air  is  provided  by 

the  water  injector. 

2.      The  separated  moisture  will  flow  to  the  water  trap  and  the 
water  injector.  -^5 
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Frame  12  (continued) 


3.  The  wpter  trap  is  electrically  operated. 

4.  The  water  trap  is  a  float  operated  drain  valve. 

5.  The  removal  of  the  separated  water  without  the  loss  of 
air  is  performed  by  the  water  trap. 


6       The  water  injector  sprays  the  watei  over  the  heat  exchangi 
coixd  in  the  ram  air  portion  of  the  heat  exchanger. 
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Answers  to  Frame  12:    1.    T    2.    T      3.    F      4.    T      5.  T 


Review  Quiz 


6.  T 
Frame  13 


Write  the  letter  of  the  component  found  in  column  B  in  the  appropriate 
space  provided  to  the  left  of  "the  purpose  in  column  A. 


4. 


6. 


Column  A 

Sprays  moisture  over  the  heat  exchanger 
coils  and  provides  additional  cooling  of 
the  engine  bleed  air. 

Cools  the  engine  bleed  air  by  rapid 
expansion  and  converting  heat  energy 
to  mechanical  energy. 

Permits  the  removal  of  the  separated 
water  without  the  loss  of  air. 

Removes  moisture  from  the  pack  air 
output  and  thus  reduces  fogging  or 
snowing  in  the  cabin. 

Provides  a  load  for  the  turbine  to 
prevent  overspeeding  and  circulates 
ram  air  through  the  heat  exchanger. 

Permits  air  pressure  to  flow  from  a 
port  on  top  of  the  air  conditioning 
pack  to  the  control  cnamber  of  the 
water  separator  bypass  valve. 

Condenses  the  water  vapor  into  water 
droplets. 

Opens  above  36,000  feet  to  allow 
cooled  air  to  bypass  the  condenser 
screen. 

Opens  to  bypass  the  condenser  screen 
when  the  screen  becomes  plugged  or 
frozen. 


Column  B 

a.  Turbine  wheel 

b.  Fan  Impeller 

c.  Water  Separator 

d.  Condenser  Screen 
a.      Louvered  Grid 

f.  Water  Separator 
Bypass  Valve 

g.  Water  Separator 
Bypass  Valve 
Control 

h.  Water  Injector 

i.  Water  Trap 
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Answers  to  Frame  13:    1.    h    2.    a_    3.    14.    c    5.         6.    £  7. 

8.    7   9.  f 

Frame  14 

Match  each  purpose  given  below  with  a  component  in  the  sketch 
and  write  the  number  from  the  sketch  in  the  appropriate  space  near 
each  purpose. 


PILOTS'  STATION 
UPPER  OUUETS 


£>  SPRAT  IaR 

TIMMIATUM  CONTIOl  PANIl 


AUTOMATIC  RANGt 
AUTOMATIC  »F* 
HM7« 


MANUAL 
T{  MPfRATURE  CONTROL 


CAtIM 

TEM*ERaTU«E 
SENSING 

ElEME  HT 

DEFENSE  S  ATiON^ 
Aid  OUTLET 
CONTROLS 


DEFENSE  Q  |  Q  U^PER 
STATION 

LO*E  R      —  ^ 

V  OliTirTtCT 


COMBAT 

7  «S  PSI^j  so  PSI 

w«*»JUl)  PRESSURE 
MASTER 

S»tTCH 


PRESSURE 

RELEASE 

RESET 

FOR  EXTENDED 

UN  PRESSURIZED 

OPE  Ration 

SELECT  "DUMP" 

CUMP 

0__  Q»A»ufR 

U   

F E RENT'al  *t**  0 


FROM  STRUT  FROM  STRUT 

NO  I  ALTERNATE  NO  2  NORMAL 
•  LE  EO  SOURCE       tL  E  ED  SOURCE 


AISU  StANO 


PRESSUR*ZEOCA|iN 


BOOT 
CROSSOVER 

IFOLO 
VALVE 


ASM  THERMAL 
CONDI  T  ION  INC 
STSTEM  AIR  BTPASS 
val  V| 


»ATER  SEPaP^TOR 
AND  BTPASS v 


VE<3  hfl-t 

SEPARATOR  P*  V"~T 
CONTROL  [Bp 


^ASM  * n[  SMAL  CONDl'lON'NG  SYSTEM 
lQ«  Ai  TiTjpE  *<f  AT  E»C^ANGER<3) 


RAM  AIRSCOOP 

ANT  I  (0  INC 
SHUTOFF  VALV 


CONDITIONING 
Ram  AIRSCOOP 


1.  Sprays  moisture  over  the  heat  exchanger  coils  and  provides 
additional  cooling  of  the  engine  bleed  air. 

2.  Cools  the  engine  bleed  air  by  rapid  expansion  and  concerting 
heat  energy  to  mechanical  energy. 

3.  Permits  the  removal  of  the  separated  water  without  the 
loss  of  air. 
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Frame  14  (Continued) 


_4.      Removes  moisture  from  the  pick  air  output  and,  thus, 
reduces  fogging  or  snowing  in  the  control  cabin. 

J>.      Provides  a  load  for  the  turbine  to  prevent  overspeeding 
and  circulates  ram  air  through  the  heat  exchanger, 

J>m      When  energized  open,  permits  air  pressure  to  flow  from 

a  port  on  top  of  the  air  conditioning  pack  to  the  control 
chamber  of  the  water  separator  bypass  valve, 

7.      Will  od  en  when  the  condenser  screen  becomes  plugged  or 
frozen  or  at  altitudes  above  36,000  feet. 
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Answers  to  Frame  14:    i.    20    2.    15    3.    16    4.    18    5.    17    6.  10 

7.  21 


Frame  15 


The  pack  anti- icing  valve,  as  shown  in  the  3ketch,  is  mounted 
on  the  air  conditioning  pack.    The  purpose  of  this  valve  i3  to  keep 
pack  output  temperatures  from  dropping  below  the  freezing  point. 
This  valve  is  controlled  by  the  pack  anti-icing  sensing  element  and 
the  pack  temperature  controller.    When  the  valve  is  opened,  warm 
air  will  flow  into  the  turbine  discharge.    Above  36,000  feet,  the 
valve  is  closed  by  actuation  of  the  aneroid  pressure  switch.  The 
valve  is  powered  by  a  118  volt  AC  motor. 


Place  the  letter  T  beside  each  of  the  following  statements  that 
are  true. 

1.      By  keeping  the  pack  output  temperatures  above  the  freezing 
~~~~         point,  the  anti-icing  valve  will  keep  the  water  separator 
from  freezing. 

 2.      The  pack  anti-icing  valve  is  controlled  by  the  pack 

~         anti-icing  sensing  element  and  the  pack  temperature 
controller. 

3.      The  pack  anti-icing  valve  will  control  the  flow  of  warm 
air.  20 
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Frame  15  (Continued) 


4.  Above  25,000  feet,  the  pack  anti-icing  valve  is  closed 
by  the  aneroid  pressure  switch. 

5.  The  pack  anti-icing  valve  is  closed  above  36,000  feet 

by  an  aneroid  pressure  switch  because  there  is  very  little 
moisture  in  the  air. 
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Answers  to  Frame  15:     1.    T    2.    T    3.     T    4.    F    5.  T 


Frame  16 

The  air  conditioning  pack  temperature  (38°F)  controller  regulates 
the  action  of  the  pack  anti-ice  valve.    This  unit  opens  the  valve 
when  the  pack  discharge  air  drops  below  3  C  (38  F) •    The  controller  is 
entirely  electronic  and  has  no  pneumatic  or  mechanical  connections. 


AIR  CONDITIONING  PACK  3f  CONTROUIR 


Place  the  letter  T  beside  each  of  the  following  statements  that 
are  true. 

 1.      The  38°F  controller  will  open  the  pack  anui-ice  valve  to  let 

warm  air  enter  the  turbine  discharge  if  the  pack  output  temper- 
ature is  36°F. 

 2.      If  the  pack  output  temperature  was  at  40°F,  the  pack  temperature 

controller  would  close  the  pack  anti-ice  valve, 

 3.      By  regulating  the  action  of  the  pack  anti-ice  valve,  the  38°F 

controller  controls  the  pack  output  temperature  and  tends  to 
keep  it  at  38°F. 

 4.      The  pilot  must  select  the  temperature  he  would  like  to  have 

maintained  in  the  turbine  discharge  duct.  Once  selected,  the 
38°F  controller  positions  the  pack  anti-ice  valve  to  maintain 
that  temperature. 
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Answers  to  Frame  16:     1.    T    2.    T    3.    T    4.  F 


Frame  17 


The  pack  anti-icing  sensing  element  is  located  in  the  cold  air 
outlet  duct  of  the  water  separator.    The  anti-icing  sensing  eleraent 
has  a  variable  resistance  with  a  negative  coefficient  of  resistance. 
It  is  connected  to  the  pack  temperature  (38°F)  controller.    The  sensing 
element  is  used  with  the  38°F  controller  to  regulate  the  opening  and 
closing  of  the  pack  anti-icing  valve. 

n 

I 


Place  the  letter  T  beside  each  of  the  following  statements  that 
are  true. 

1.      If  the  temperature  around  the  sensing  element  increased, 


the  resistance  of  the  sensing  element  would  decrease. 


2.  If  the  temperature  around  the  sensing  element  dropped  to 
36  F  the  resistance  of  the  sensing  element  would  increase 
and  the  38°F  controll  x  would  open  the  pack  anti-icing 
valve. 

3.  Increasing  the  a^r  temperature  in  the  water  separator  outlet 
to  4f  F  would  decrease  the  resistance  of  the  sensor  and 
cause  the  38  F  controller  to  open  the  pack  anti-icing  valve. 

4.  By  sensing  the  tempera tur 3  of  the  air  in  the  water  separator 
outlet,  the  anti-icing  sensing  element  keeps  the  water 
separator  from  ^reezing. 


Answers  to  Frame  17:    1 .    T    2.    T    3.    F    4.  T 
Frame  18 

The  aneroid  pressure  switch  is  normally  closed.    It  moves  to 
the  open  position  at  3o,000  (+2,000)  feet  pressure  altitude.  When 
the  altitude  pressure  switch  opens,  it  energizes  the  water  separator 
bypass  valve  control  and  closes  the  pack  anti-icing  valve. 


Place  the  letter  T  beside  each  of  the  following  statements  that 
are  true. 

 1.      The  aneroid  pressure  switch  opens,  it  energizes  the  water 

separator  bypass  valve  ^ontrol  at  36,000  feet  and  .closes  the 
pack  anti-ice  valve. 

 2.      Since  there  is  very  little  moisture  in  the  air  at  altitudes  above 

36,000  feet  and  the  water  separator  is  being  bypassed,  the 
aneroid  pressure  switch  closes  the  pack  anti-icing  valve. 

 3.      The  aner*"  -       isure  switch  moves  to  the  open  position  by  the 

atmosph         "  assure  at  36,000  feet. 
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Answers  to  Frame  18:    1.    T      2.    T      3.  T 


Frame  19 


Review  Quiz 


Place  the  letter  of  the  unit  in  column  B  alongside  the  purpose 
that  corresponds  to  it  in  column  A. 


Column  A 


Column  3 


J..      Has  a  negative  coefficient  of 
resis tance. 

_2.      Keeps  the  pack  output  temperature 
above  the  freezing  point. 

_3.      Actuates  to  the  open  position  at 
36,000  feet  pressure  altitude. 

_4.      Controls  the  action  of  the  pack 
anti-ice  valve • 

_5.      When  open,  admits  relatively  warm 
air  into  the  turbine  discharge. 

_6.      Closes  the  pack  anti-ice  valve 
above  36,000  feet. 


a.  Pack  Anti- 
icing  Valve 

b.  Air  Conditioning 
Pack  38° 
Controller 

c.  Anti-icing 

Sensing 
Element 

d.  Anaroid  Pressure 
Switch 


Energizes  the  water  separator 

bypass  valve  control  above  36,000  feet. 

Opens  the  pack  aati"ice  valve  when 
pack  output  temperature  falls 
below  38°F. 


Works  in  conjunction  with  Air  Conditioning  pack  38  F 
controller  to  regulate  the  action  of  the  pck  anti-ice 
valve. 
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Answers  to  Frame  19:     1.     c    2.     a    3.     d    4.     b    5.     a    6.     d    7.  d 

8.     b    9.  c 

Frame  20 

Four  parts  make  up  the  38°F  control  system.     These  parts  are 
aneroid  pressure  switch,  the  pack  anti-icing  valve,  air  conditioning 
pack  temperature  controller,  and  the  air  conditioning  pack  anti-icing 
sensing  element. 

Place  a  circle  around  the  number  of  the  component  parts  that 
are  included  in  u'.e  pack  anti-icing  system. 

1.  Pack  pressure  limiter. 

2.  Aneroid  pressure  switc... 

3.  Water  separator  bypass  valve. 

4.  Pack  anti-icing  valve. 

5.  Water  trap. 

6.  Anti-icin&  sensing  element. 

7.  Catalytic  filter. 

8.  Air  conditioning  system  shutoff  valve. 

9.  Turbine. 

10.  Blowe*. 

11.  Heat  onhanger. 

12.  38°F  temperature  controller. 

13.  Water  separator. 
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Answers  to  Frame  20:    2,    4,    6,  12 


Frame  21 


Now  let  us  follow  the  path  of  airflow  shown  by  the  arrows  in 
the  schematic  below.    This  path  will  deliver  hot  air  to  the  cabin 
area.    We  shall  discuss  each  of  the  units  individually  in  the  next 
few  frames. 


M0*ITtUT  PROM  ST*UT 

MO  3  AlTftxATf  HO  2  NORMAL 
ILC  CD»U*Cf        HE  ED  lOl'RCI 


CABIN 
EMERGENCY 
•ITtACTAiLI  ffl 
RAM  AH JC 00* 


RAM  AlHiCOO* 
ANT  I  ICING 
SMUT  OF  "  VAL  >E 


No  Response  Required 
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BEST  COPY  AVAILABLE 


Frame  22 

The  air  conditioning  modulating  valve  controls  the  temperature  of 
the  crew  compartment  by  varying  the  amount  of  the  hot  air  entering  the 
cabin.    Opening  the  valve  increases  the  flow  of  hot  air  to  the  cabin, 
while  closing  the  valve  decreases  the  amount  of  hot  air  going  to  the 

n.    This  valve  can  be  controlled  automatically  by  the  cabin  tempera- 
ture regulator  or  manually  by  the  cabin  temperature  control  switch. 


S-1.1SS 


Air  Conditioning  System 
Modulating  Valve 

Place  the  letter  T  beside  each  of  the  following  statements  that 
are  true. 

 J.      To  increase  the  temperature  of  the  crew  compartment,  the  air 

conditioning  modulating  valve  is  opened. 

 2.      To  decrease  the  temperature  of  the  crew  compartment,  the  air 

conditioning  modulating  valve  is  closed. 

 3.      By  varying  the  position  of  the  air  conditioning  modulating 

valve,  the  amount  of  hot  air  going  to  the  cabin  is  varied. 

 4.      The  air  conditioning  modulating  valve  is  controlled  manually 

by  the  cabin  temperature  regulator  and  automatically  by  the 
cabin  temperature  control  switch. 
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Answers  to  Frame  22:    1.    T    2.    T    3.    T    4.  F 


Frame  23 

The  hot  air  muffler  is  in  the  hot  air  line  leading  into  the 
cabin.    This  muffler  is  used  to  absorb  valve  noise  and  to  prevent 
noise  transmission  through  the  air  conditioning  ducts  to  the  crew 
compartment. 


Place  the  letter  T  beside  each  of  the  following  statements  that 
are  true. 

 !•      A  malfunctioning  muffler  could  cause  the  air  coming  in 

from  the  crew  outlets  to  be  very  noisy. 

 2*      The  muffler  is  mounted  in  the  hot  air  line  leading  to  the 

heat  exchanger. 


114 

29 


Answers  to  Frame  23:    1.    T    2.  F 
Frame  24 

The  check  valve,  shown  in  the  schematic  below,  prevents 
the  possibility  of  rapid  cabin  depressurization  due  to  a  failure 
of  a  duct  or  coupling  outside  the  pressurized  area  of  the  airplane. 

The  check  valve  will  allow  air  to  flow  only  in  one  direction 
and  the  arrow  on  the  valve  indicates  the  direction  of  airflow. 


Refer  to  the  schematic  shown,  then  read  each  of  the  statements 
below  and  place  the  letter  T  in  the  blank  space  beside  each  statement 
that  is  true. 

 1.      The  check  valve  vrill  allow  airflow  in  one  direction  only. 

 2.      The  check  valve  would  prevent  rapid  cabin  depressurization 

if  one  of  the  clamps  on  the  muffler  failed. 

 3,      The  arrow  on  the  check  valve  denotes  the  direction  of 

outflow. 

 4.      The  check  valve  would  prevent  rapid  cabin  depressurization 

if  the  duct  between  the  catalytic  filter  and  pressure 
limiter  was  defective. 


PRESSURIZED 
IA&IN  AREA 


J 
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Answers  to  Frame  24:    1.    T    2.    T    3.    T    4.  T 


Frame  25 

Place  the  letter  of  the  unit  in  column  B  alongside  the  purpose 
that  corresponds  to  it  in  column  A. 


Column  A 


Column  B 


_1.      This  unit  is  used  to  absorb 
valve  noise  and  prevent  its 
transmission  through  ducts 
to  the  cabin  area. 

2.      Controls  the  temperature 
of  the  crew  compartment  by 
varying  the  amount  o"  hot 
air    Emitted  to  the  cabin. 


b. 


c. 


Air  Conditioning 
System  Modulating 
Valve 

Hot  Air  Muffler 
Check  Valve 


_3.      Presents  the  possibility 

of  rapid  cabin  depressuriza- 
tion  due  to  failure  of  a 
duct  or  coupling  outside 
the  pressurized  area  of 
the  aircraft. 
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Answers  to  Frame  25:    1.    b      2.    a_     3.  c. 


Frame  26 


Match  each  purpose  given  below  with  a  component  in  the  sketch 
and  write  the  number  froiL  the  sketch  in  the  appropriate  space  near 
each  purpose. 


tAM  AIR SCOOP 


1.      Prevents  turbine  output  temperature  from  dropping  below  freezing 
~         point,  downstream  from  the  turbine  which  could  cause  an  ice 
build-up . 

 2.      Regulates  the  action  of  the  pack  anti-icing  valve  in 

conjunction  with  the  38°F  controller. 

 3.    These  units  are  variable  resistance  temperature  sensing 

elements  with  a  negative  coefficient  of  resistance. 

 3a. 

 4.      Controls  the  temperature  of  the  crew  compartment  by 

varying  the  amount  of  hot  air  admitted  to  the  cabin. 

 5.      Absorbs  valve  noise  and  prevents  n^se  transmission  through 

the  ducts  to  the  cabin  area. 

 6.      Prevents  the  possibility  of  rapid  cabin  depressurization 

due  to  a  failure  of  a  duct  or  coupling  outside  the 
rn9,r>  pressurized  area  of  the  aircraft.  ^ 
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Answers  to  Frame  26:    1.    19    2,    23    3.    23^    3a.    3    4.  14 

5.    12    6.  8, 

Frame  27 

Th«  next  few  frames  will  cover  the  units  outlined  by  the  circles 
in  the  schematic  shown  below.    The  cabin  regulator  (not  shown)  will 
also  be  discussed. 


CABIN  >       DCFIHSI    TQ 

TEMPERATURE  1        *T*',°N  \0>?\  ELECTRON, 

SENSING        J        ^C^^\  \  €0U.W.CNT 

ELEMENT  0011   TS  C00L.NO 

^^EFENSE  <T*T»CS  J  I 

■  m  ^  air  outlet      r  J 


PBf SSURE 
RE  I E  ASE 

RESET 


FOR  E  xTEnDEO 
UNP9ESSUR^ED 
OPf RAT- ON 
SELECT  OuuP- 


FROM  STRUT  FROM  STRUT 

NO  3  ALTERNATE  NO  1  NORMAL 
BLEED  SOURCE        IL*  -0  SOURCE 


AlSil  STAND 


CABIN 
EME9CENCT 
Rf  THACTABL  ( 
RAM  AIRSCOOP 


ASM  THERMAL 

CONATION  'NO 
SYSTEM  AiR  BYPASS 

VALV(  «z~d 


SEPAf **0R  P* 
BYPASS 


*A i F  R SEPARATOR 

ANC  bypass  valvf 


ASmTm^JmAl  COftfliTiONtNr  WSTF* 
JVlt   'f  AT  El  C'tANOC  R*-t^*j 

CONOtTtONiNC  (ill  ^\ 
UNIT  EIMAUST  >rU™"\ 


fe^M  ^ANTUUNQVA.V 


CONDITIONING 
RAM  AIRSCOOP 


AIR  CONDITIONING  UNIT 


AT  E ICMANGEK 


RAM  AIRSCOOP 
ANT  I- ICING 
SHU TOFF  VALVE 


No  Response  Required 
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Frame  28 

\jhe  cabin  temperature  sensing  element  senses  the  temperature  of  the 
air  in" the  cabin.     Find  the  vent  in  the  sketch.    This  vent  is  used  to  draw 
cabin  air  over  the  cabin  sensing  element.     The  vent  is  flush  with  tfie  out- 
side sjcin  of  the  ""plane.     Slotted  holes  through  the  baffle  permit  airflow 
over  the  element  from  cabin  itself.    The  venturi  restricts  cabin  airflow 
over  the  sensing  element.    This  sensing  element  has  a,  negative  coefficient 
of  resistance.     The  arrow  indicates  direction  of  airflow  from  the  cabin^of 
the  aircraft,  over  the  sensing  element,   thgn  overboard. 


Cabin  temperature 
sensing  el  ement 


SENSOR 

SUPPORT  PANEL 


VIEW  FROM  INSIDE  THE  CABIN 


baffle 


t  t  i 

AIR  FLOW  FROM  CABIN 


Place  the  letter  T  beside  each  of  the  following  statements  that 
are  true, 

 .        An  increase  in  temperature  in  the  cabin  will  cause  the 

resistance  of  the  sensor  to  decrease. 


An  increase  in  cabin  temperature  will  cause  the  resistance 
of  the  sensor  to  increase. 


3.      The  cabin  sensor  installation  is  vented  to  the  atmosphere 
to  make  sure  there  is  an  airflow  over  the  sensing  element. 


ERLC 
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Answers  to  Frame  28;    1.    T      2.    F      3.  T 


Frame  29 


The  duct  temperature  sensing  element  senses  the  temperature 
ill  the  two  main  du_£ts  which  are  downstream  of  the  muffler  ar>d  the 
water  separator.    It  provides  signals  to  the_ electronic  cabin 
temperature  regulator  for  the  control  jjf  ihe  air  conditioning  system 
modulating  jvalve.    The  element  contains  twp  sensors  one  with  a  rapid 
response,  the  other  wd^th  a,  slow)  response .    These  sensors  have  a  positive 
temperature  resistance  coefficient. 

COLD  AIR 
TUBE 


7 JSENSING  ELEMENT  ' 

(s)hot  AIR  tube 

(7)  mix  box 


Place  the  letter  T  beside  each  of  the  following  statements  that 
are  true. 


3. 


Increasing  the  amount  of  hot  air  entering  the  mix  box 
will  increase  the  resistance  of  the  sensing  element. 

The  term  positive  temperature-resistance  coefficient 
means  that  as  the  temperature  surrounding  the  duct 
temperature  sensing  element  increases,  the  resistance 
of  the  sensors  will  increase. 

Two  sensors  can  be  found  in  the  duct  temperature  sensing 
element;  one  with  a  fast  response  and  one  with  a  slow 
response. 


The  cabin  temperature  regulator  receives  signals  from  the 
duct  temperature  sensing  element  and  varies  the  position  of 
the  air  conditioning  modulating  valve. 


Airflow  from  the  two  main  ducts,  which  are  downstream 
of  the  muffler  and  water  separator,  flows  across  the 
duct  temperature  sensing  element. 
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Answers  to  Frame  29:  1. 


T  2. 


T  3. 


T  4. 


T  5. 


T 


Frame  30 


\The  temperature  control  selector  is  used  to  vary  the  temperature  o* 
the  cabin  air  inflow.    The  selector  has  two  ranges,  automatic  and  manual. 

When  rn  automatic,  rotation  of  the  temperature  selector  knob  within 
the  automatic  range  adjusts  a  variable  resistor  providing  the  necessary 
control  to  automatically  hold  the  cabin  temperature  at  the  selected  value. 
In  this  automatic  position  the  temperature  control  selector  becomes  part 
of  the  temperature  regulator  bridge  circuit. 

Should  the  regulator  malfunction,  an*  override  can  be  accomplished 
by  turning  the  selector  to  manual  range  apd  holding  j.t  in  the  cooler  or 
warmer  position  until  the  incoming  air  is  at  the  desired  temperature. 
When  the  control  switch  is  held  Iji  the  Wanner  position,  a  signal  is 
produced  to  open  the  modulating  valve.    When  in  the  Cooler  position,  a 
signal  is  produced  jto  clgse  the  modulating  valve . 


Read  each  statement  below,  refer  to  the  illuotration  and  then 
place  the  letter  T  beside  each  of  the  statements  that  are  true. 

 1.      if  the  temperature  selector  was  in  the  70°  position,  the 

cabin  temperature  regulator  would  control  the  temperature 
and  the  selector  would  be  in  the  automatic  range. 

 2.      The  "cooler"  and  "warmer"  positions  on  the  selector  are 

the  manual  positions  and  are  used  if  any  portion  of  the 
automatic  system  fails. 

 3.      While  the  temperature  selector  is  in  the  automatic  range, 

it  becomes  part  of  the  temperature  regulator  bridge  circuit 
and  rotating  it- will  unbalance  the  bridge  circuit. 

 4.      Changing  the  position  of  the  temperature  control  selector 

in  either  the  automatic  or  manual  range  will  vary  the 
temperature  of  the  air  entering  the  cabin. 


TEMPERATURE  CONTROL  SELECTOR 


The  cabin  temperature  selector  is  used  only  during  automatic 
operation  of  the  temperature  control  system. 


Answers  to  Frame  30:    1.    T     2.    T      3.    T     4.    T      5.  F 

Frame  31 

The  cabin  temperature  regulator  (2)  is  an  electronic  control.  Its 
function  is  tojautomatically  ket?  the  cabin  temperature  at  the  value 
selected.    Circuit  damping  adjustments  are  accessible  on  the  front  cover 
of  the  regulator.    Tae  regulator  is  supplied  with  24V  DC  to  28V  DC  and 
113  volt,  AC  single  phase,  400  Hz  power. 


0TEMPtRATURE 
REGULATOR 


CHANNEL 


I  50 

Place  tuj  letter  T  beside  each  of  the  following  statements  that 
are  true, 

 !•      The  cabin  temperature  regulator  requires  two  sources  of 

power,  28V  AC  and  118V  single  phase  60  jps  AC  for  operation. 

 2.      The  cabin  temperature  regulator  will  maintain  the  cabin 

temperature  at  the  valve  selected  by  varying  the  position 
of  the  air  conditioning  modulating  valve. 

 3.      Dampening  adjustments  can  be  found  on  the  front  cover 

of  the  regulator. 
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Answers  to  Frame  31:    1.    F     2.    T      3.  T 


Frame  32 

The  cabin  temperature  sensor,  duct  temperature  sensor,  temperature 
control  selector,  temperature  regulator,  and  the  air  conditioning 
modulating  valve  are  the  component  parts  of  the  automatic  cabin 
temperature  control  circuit.    This  automatic  temperature  control 
circuit  is  designed  to  maintain  the  cabin  temperature  at  the  value 
selected  by  the  pilot. 

Circle  the  number  of  the  component  parts  that  make  up  the  cabin 
temperature  control  system  from  the  following  list. 


1. 

Anti-ice  sensor 

2. 

38 °F  temperature  controller 

3. 

Duct  temperature  sensor 

4. 

Cabin  temperature  regulator 

5. 

Pack  anti-ice  valve 

6. 

Air  conditioning  modulating  valve 

7. 

Temperature  control  selector 

8. 

Cabin  temperature  sensor 

9 
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Answers  to  Frame  32:    3,    4,    6,    7,  8 


Frame  33 


Review  Quiz 

Place  the  letter  of  the  unit  in  column  B 
that  corresponds  to  it  in  column  A. 


alongside  the  purpose 


Column  A 


Column  B 


J..      Automatically  maintains  the  cabin 
temperature  at  the  value  selected. 

_2.      Senses  the  temperature  of  the 
air  in  the  cabin. 

_3.      Used  to  select  the  temperature 
of  the  cabin  air. 

Senses  the  temperature  in  the 
two  main  ducts  which  are  down 
stream  of  the  muffler  and 
water  separator. 

_5.      Installed  in  cabin  sensor  vent 
line  to  restrict  the  airflow 
to  the  atmosphere. 

_6.      Has  a  negative  coefficient  of 
resistance. 

J •      Has  two  resistors  in  the  same 
housing. 

_8.      Has  a  high  positive  coefficient 
of  resistance. 


a.  Cabin  Temperature 
Sensing  Element 

b.  Venturi 

c.  Duct  Temper ature 
Sensing  Element 

d.  Temperature  Control 
Selector 

e.  Cabin  Temperature 
Regulator 


_9.      Has  two  ranges,  automatic  and 
manual. 


_10.      Can  be  turned  to  manual  to 
override  the  temperature 
regulator  ±2  a  malfunction 
appeared  in  the  automatic 
control. 
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Answers  to  Frame  33:     1.     e    2.    a    3.     d  4. 

8.     c    9.     d    10.  d 

Frame  34 


5.     b  6. 


The  air  conditioning  emergency  retractable  ram  airscoop  is  used 
to  provide  an  emergency  source  of  ram  air  for  cooling  ventilation  of 
the  crew  compartment  and  for  cooling  the  electronic  equipment.  The 
scoop  T.s  used  only  in  case  of  emergency. 

The  scoop,  flush  with  the  aircraft  skjn  when  in  the  closed  position, 
is  actuated  to  both  the  open  and  closed  position  by  a  118  volt  400  cycle 
single  phase  motor  driven  actuator. 

Operation  of  the  scoop  is_  controlled  by  the^ CABIN  PRESSURE  MASTER 
SWITCH.  Turning  the  sv'^ch  to  RAM  position  energizes  the  ram  airscoop 
motor  relay  and  allows  the  "open"  windings  in  the  scoop  actuator  motor 
to  be  energized.  Turning  the  CABIN  PRESSURE  MASTER  SWITCH  £0  any  position 
other  than  RAM  deenergizes  the^ airscoop  motor  control  relay  and  allows 
the  "close11  windings_pn  the  scoop  actuator  motor  j£  be  energized. 


RAM  ASP 


©BONDING  ^ 
JUMPER  (Jj 


ELECTRICAL 
CONNECTION 


RETRACTABLE 
RAM  AIR  SCOOP 


®n„    '     ^   m^  I  /^-RETRACTABLE 

MOUNTING  BOLT  (Y)  RAM  AlRSCOOP 


Place  the  letter  T  beside  each  of  the  following  statements  that 
are  true. 


1. 

2. 

3. 
4. 


When  the  scoop  is  closed,  it  is  in  the  retracted  position 
and  flush  with  the  aircraft  skin. 

The  flapper  type  check  valve  within  the  scoop  prevents  a 
loss  of  airflow  from  the  cabin  when  the  cabin  is  pressurized 
and  the  scoop  is  retracted. 

The  scoop  is  opened  when  it  is  extended. 

Xho  ^sbin  area  can  be  cooled  and  ventilated  during  an 
emergency  by  the  ram  air  obtained  from  the  ram  air  scoop. 

The  electronic  equipment  located  in  the  crew  compartment 
can  be  cooled  during  an  emergency  by  the  ram  air  obtained 
from  the  ram  air  scoop. 
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Answers  to  Frame  34:    1.    T      2.    T      3.    T     4.    T     5.  T 


Frame  35 


The  air  conditioning  system  emergency  retractable  ram  air  scoo^ 
motor  is/equipped  with  a  time  delay  circuit.    This  circuit  cycles 
the  scoop  to  be  extended  for  one  minute  and  to  be  retracted  for  12 
to  15  seconds.    This  cycling  is  used  lor  de-icing  the  scoop  any  time 
that  the  scoop  anti-icing  circuit  is  energized. 

There  is  a  heating  element  around  the  inlet  scoop,  which  keeps  the 
ice  from  freezing  to  the  scoop  and  the  retraction  of  the  ecoop  scrapes 
the  ice  off. 


Place  the  letter  T  beside  each  of  the  following  statements  that 
are  true. 

 1.      The  timer  motor  causes  ice,  loosened  by  the  anti-icing  air 

scoop  heating  elements,  to  be  scraped  free  from  the  air 
scoop. 

 2.      The  timer  motor  is  energized  only  when  the  air  scoop  anti- 
icing  circuit  is  energized. 

 3.      The  timer  motor  will  cause  the  air  scoop  to  extend  for  one 

minute  and  retract  for  12-15  seconds  when  it  is  energized 
by  the  air  scoop  anti-icing  circuit. 
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Answers  to  Frame  35:    1.    T     2.    T     3.  T 


Frame  36 

The  cabin  pressure  master  switch  has  four  positions*    In  the 
"Ram"  position  the  ram  air  scoop  is  extended  and  the  air  conditioning 
system  shutoff  valve  is  closed,  stopping  all  the  bleed  air  flowing 
to  the  air  conditioning  system.    In  the  "OFF"  position  the  ram  air 
scoop  is  retracted  and  the  air  conditioning  shutoff  valve  is  closed. 
In  the  "7.45  psi"  position,  the  cabin  air  conditioning  system  shutoff 
valve  is  open  allowing  bleed  air  to  flow  into  the  air  conditioning 
system  and  receive  normal  pressurization.    When  the  switch  is  placed 
to  the  "4.50  psi"  or  "Combat"  position  the  cabin  air  conditioning 
system  shutoff  valve  is  open.    The  cabin  pressurization  then  drops 
to  a  lower  setting  in  case  of  a  rapid  depressurization  during  combat. 


Place  the  letter  of  the  switch  positions  in  column  B  alongside 


the  correct  purpose  for  that  switch  position 

in  column  A. 

Column  A 

Column  B 

1. 

Retracts  the  ram  air  scoop 

a. 

Ram 

and  closes  the  air  condition- 

ing system  shutoff  valve. 

b. 

Off 

2. 

Extends  the  ram  air  scoop 

c. 

7.45  psi  or 

and  closes  the  air  conditioning 

Combat  4.50 

system  shutoff  valve. 


ERIC 


_3.      Retracts  the  ram  air  scoop  and 
opens  the  air  conditioning 
system  shutoff  valve. 
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Answers  to  Frame  36:    1.    b     2*    a  3. 


Frame  37 

Place  the  letter  of  the  unit  or  cabin  pressure  master  switch 
position  from  column  B  in  the  blank  space  alongside  the  purpose 
that  corresponds  to  it  in  column  A, 


1. 


2. 


3. 


4. 


5. 


Column  A 

Extends  the  ram  air  scoop  and  closes 
the  air  conditioning  systems  shutoff 
valve . 


Causes  the  ram  air  scoop  to  retract 
and  extend  when  the  anti-icing 
circuit  is  turned  on. 

Retracts  the  ram  air  scoop  and  closes 
the  air  conditioning  sy3tem  shutoff 
valve . 

Provides  an  emergency  source  of  ram 
air  for  cooling  and  ventilation  of 
the  crew  compartment  and  for 
cooling  electronic  equipment 
located  in  the  crew  compartment. 

Prevents  airflow  from  the  cabin 
through  the  scoop  when  the  aircraft 
is  pressurized  and  the  scoop  is 
retracted . 


Column  B 

a.  Retractable  Ram  Air 
Scoop 

b.  Retractable  Ram  Air 
Scoop  Flapper  Valve 

c.  Retractable  Ram  Air 
Scoop  Timer  Motor 

d.  Ivam  Position 

e.  Off  Position 

f .  7.45  psi  or  Combat 
4.50  nsi  Position 


6. 


Retracts  the  ram  air  scoop  and  opens 
the  air  conditioning  system  shutoff 
valve . 
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Answers  to  Frame  37:  1.  d  2.  c  3.  e  4.  a  5.  b  6.  : 
Frame  38 

Match  each  purpose  given  below  with  a  component  in  the  sketch 
and  write  the  number  from  the  sketch  in  the  appropriate  space  near 
each  purpose. 


PILOTS*  ST< 

urn*  out i 


TIMPGt  ATUtt  CONTIOt  PANIt 

PILOT'S  STATION 
LO»ER  OUTLETS  


AUTOMATIC  RANGE 
AUTOMATIC  *F- 
JO40T0 


COOCE»  WARNER 
OFF 

MANUAL 

TEM*£RaTuRE  CONTROL 


7  45  PV^V 


CABIN 
MtSSURE 
MASTER 
SWITCH 


ESSURE 

RELEASE 

, RESET 

FOR  E  >  ~rN0£0 

UNP»»  ^RIZEO 

O'EBAMON 

SELECT  -DUMP' 

FROM  STRUT  FROM  STRUT 

NO  1  ALTERNATE  NO  7  NORMAL 
RLE  E 0  SOURCE       RLE  EO  SOURC E 


RAM  AIDSCOOP 
ANT  I  tCINC 
JHUTOFF  VALVE 


CONDITION  INC 
RAM  AIRSCOOt- 


1.  Senses  the  temperature  of  the  air  in  the  cabin. 

2.  Senses  the  temperature  of  the  air  in  the  two  main  ducts 
which  are  downstream  of  the  muffler  and  water  separator. 

3.  Used  to  vary  the  temperature  of  the  cabin  air  inflow. 

4.  Provides  an  emergency  source  of  ram  air  for  cooling  and 
ventilation  of  the  crew  compartment  and  for  cooling 
electronic  equipment  found  in  the  crew  compartment. 
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Answers  to  Frame  38:1.    3      2.    6      3.    4      4.  9 


Frame  39 


Match  each  purpose  given  below  with  a  component  in  the  sketch. 
Write  the  number  from  the  sketch  in  the  appropriate  space  near  each 
purpose. 


F*OM$T«UT  FWllJTHUT 
NO  J  ALTERNATE  NO  2  NO*t**L 
•LE  CO  SOUtCE       OLE  CO  SOUtCE 


EMERGENCY'" 
•ETtACT AiL E  ' 
Ram  Am  scow 


RAM  AlRSCOOP 

AHT>  ICINC 
SMUTOFF  VALVE 


1. 


2. 


3. 


The  ram  position  at  this  switch  extends  the  ram  air  scoop 
and  closes  the  air  conditioning  system  shutoff  valve. 

In  the  7.45  position  or  the  4.50  psi  position  this  switch 
will  retract  the  ram  air  scoop  and  open  the  air  conditioning 
system  shutoff  valve. 

These  sensing  elements  have  a  negative  coefficient  of 
resistance. 


ERLC 


3a. 


4. 


This  sensing  element  has  a  positive  coefficient  of  resistance. 
Has  a  manual  override  in  case  the  automatic  system  fails. 
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Answers  to  Frame  39:    1.    5    2.    5    3.    3    3a.    23    4.    6    5.  4 


Frame  40 

Select  the  group  of  component  pares  that  make  up  the  38°F  control 
sys  tern. 

Group  A  Group  B  Group  C 

Pack  Anti-Ice  Sensor  Cabin  Sensor  Pack  Anti-Ice  Sensor 

Pack  Anti-Icing  Valve  Duct  Sensor  Cabin  Sensor 

Pack  38°F  Temperature  Modulating  Valve  Pack  Anti-Icing  Valve 

Controller  38°F  Temperature  Cabin  Temperatire 

Controller  Controller 


Answer  to  Frame  40:    Group  A 


Frame  41 


Select  the  group  of  component  parts  that  make  up  the  cabin 
temperature  control  system. 


Group  A 

Pack  Ant i- Ice  Sensor 

Pack  Ant i- Icing  Valve 

38°F  Temperature 
Controller 


Group  B 

Cabin  Sensing  Element 

Duct  Sensing  Element 

Modulating  Valve 

Cabin  Temperature 
Controller 

Temperature  Control 
Switch 


Group  C 

Pack  Anti-Ice  Sensor 

Duct  Sensing  Element 

Modulating  Valve 

Temperature  Control 

38°F  Temperature 
Controller 
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Answer  to  Frame  41:    Group  B 


Frame  42 

Match  each  purpose  given  below  with  a  component  in  the  figure 
on  the  following  page  and  write  the  number  from  the  figure  in  the 
appropriate  space  near  each  purpose. 

 1.      The  normal  source  of  engine  bleed  air. 

 2.      The  emergency  source  of  engine  bleed  air. 

 3.      Regulates  the  system  airflow  to  approximately  140  lbs  pe 

minute. 

 4.      Used  to  open  and  close  the  air  supply  line  going  to  the  cabin 

air  conditioning  system. 

 5.      Cools  the  engine  bleed  air  by  transferring  heat  energy 

from  the  bleed  air  to  the  ram  air. 

 6.      Removes  any  contamination,  such  as  solid  particles  and 

obnoxious  gases,  from  the  air. 

 7.      Prevents  the  possibility  of  rapid  depressurization  due 

to  a  failure  of  a  duct  or  coupling  outside  the  pressurized 
area. 

 8.      Controls  the  temperature  of  the  crew  compartment  by  varying 

the  amount  of  hot  air  admitted  to  the  cabin. 

 9.      Absorbs  valve  noise  and  prevent;   noise  transmission  through 

the  ducts  to  the  cabin  area. 

 10.      Admits  warm  air  to  the  turbine  outlet  to  prevent  the  pack 

output  temperature  from  dropping  below  the  freezing  point. 

 11.      Cools  the  engine  bleed  air  by  rapid  expansion  and  converting 

heat  energy  to  mechanical  energy. 

 12.      Sprays  moisture  over  the  heat  exchanger  coils  and  provides 

additional  cooling  of  the  engine  bleed  air. 

 13.      Provides  a  load  for  the  turbine  to  prevent  overspeeding  and 

circulates  ram  air  through  the  heat  exchanger. 

 14.      When  energized  by  the  aneroid  pressure  switch,  permits  air 

pressure  to  flow  from  a  port  on  top  of  the  air  conditioning 
pack  to  the  control  chamber  of  the  water  separator  bypass 
valve . 

 15.      Removes  moisture  from  the  pack  air  output  and,  thus,  reduces 

fogging  and  snowing  in  the  control  cabin. 

 16.      Provides  an  emergency  source  of  ram  air  for  cooling  and 

ventilation  of  the  crew  compartment. 

 17.      Permits  the  removal  of  the  separated  water  without  the 

loss  of  air. 

 18.      Will  open  when  the  condenser  screen  of  the  water  separator 

becomes  clogged  or  frozen  over  with  ice  or  at  altitudes 
above  36,000  feet. 
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Illustration  for  Frame  42 


FROM  STRUT  FRO*  STRUT 

MO  3  ALTERNATE  MO  2  NORMAL 
•IE  ED  SOURCE       tLC CO  SOURCE 


GAgiN 

emercenct" 

RETRACTABLE  ' 
RAM  AIRSCOOF* 


RAM  AIRSCOO* 
AXTI-tClMC 
JMUTOf F  VALVE 
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BEST  COPY  AVAILABLE 


Answers  to  Frame  42 : 

1.  2 

2.  1 

3.  13 

4.  7 

5.  22 

6.  11 

7.  8 

8.  14 

9.  12 

10.  19 

11.  15 

12.  20 

13.  17 

14.  10 

15.  18 

16.  9 

17.  16 

18.  21 
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Aircraft  Electrical  Branch 
Chanute  AFB,  Illinois 


SERVICE  TEST 
C3ABR42331-SG-206 


CABIN  TEMPERATURE  CONTROL  AND  CABIN  AIR  DISTRIBUTION 

OBJECTIVE 

Relate  3  out  of  10  components  to  their  operation. 
INFORMATION 

CABIN  TEMPERATURE  CONTROL 

In  the  air  conditioning  system  there  must  be  a  way  of  controlling 
the  mixture  of  320°F  air  from  the  hot  air  system  and  35°F  air  f  m  the 
cold  air  system. 

The  main  temperature  controlling  items  is  the  cabin  temperature 
control  valve.    There  are  two  ways  to  control  this  valve:    (1)  Manually 
controlled  by  the  temperature  selector.    (2)  Automatically  controlled  by 
the  cabin  temperature  sensor/controller  in  conjunction  with  the  cabin 
sensor  and  the  temperature  selector.    The  following  paragraphs  will 
explain  how  each  control  operates. 

For  manual  temperature  control  there  are  two  requisites  that 
must  be  met:     (1)  The  ai*  source  switch  on  the  air  conditioning  conttol 
panel  must  be  in  NORMAL  or  DUMP.     (2)  The  temperature  selector,  also 
located  on  the  air  conditioning  control  panel,  must  be  in  the  manual 
position.    In  this  position,  28  VDC  power  will  directly  control  the 
cabin  temperature  control  valve. 

During  manual  operation  power  is  supplied  by  the  28  VDC  cabin 
temperature  control  C.B.    From  the  C.B.,  power  flows  to  the  air  source 
selector  switch  on  the  air  conditioning  panel,  then  to  the  cabin 
temperature  control  valve  relay.    From  the  relay  power  flows  to  the 
cabin  temperature  control  valve,  then  to  the  temperat    e  selector  which 
is  in  the  DOWN  position. 

The  temperature  of  the  air  in  manual  will  range  from  35°  to  177°F. 

You  should  recall  from  the  information  about  the  refrigeration  system 
that  at  177°F  the  cat <n  temperature  thermostat  will  energize,  sending 
power  to  the  cabin  temperature  control  valve  relay.    This  relay  is  a 
normally  closed  relay  that  will  open  when  energized,  which  will  allow 
the  cabin  temperature  control  valve  to  spring-load  to  the  closed  position 
stopping  hot  air  from  going  into  the  system. 

The  cabin  tempe  ature  thermostat  will  automatically  reset  once  it 
cools  off. 


OPR:  3370  TCHTG 
DISTRIBUTION:  X 

3370  TCHTG/TTGU-P  -  350;  DAV  -  1 
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During  automatic  temperature  control  you  have  a  selectable  temperature 
range  of  58.7°F  to  81.3°F.    For  ease  of  memory  round  this  off  to  60  to  80°F. 

In  automatic  you  still  have  basically  the  same  two  requisites  as  you 
do  in  manual. 

1.  The  air  source  switch  must  be  in  either  "NORM11  or  "DUMP." 

2.  The  temperature  selector  must  be  in  automatic. 

Power  for  the  automatic  operation  is  the  same  as  that  for  manual. 

In  automatic,  power  will  flow  from  the  same  C.B.  that  the  manual 
power  used.    From  the  C.B.,  power  goes  to  the  air  source  switch,  then  to 
cabin  temperature  control  valve  relay.    From  the  relay,  power  will  flow 
to  the  temperature  control  valve  and  the  temperature  selector  which  is  in 
the  UP  position. 

In  automatic,  power  just  passes  through  the  temperature  selector 
and  on  through  the  controller. 

This  is  not  the  only  input  the  controller  has  coming  into  it  in 
automatic.    There  are  three  inputs  including  the  selector: 

1.  Selector  -  The  temperature  is  selectable  from  auto  hot  to  auto 
cold.    The  temperature  selector  will  send  a  signal  to  the  controller 
(cabin  temperature  sensor/controller)  telling  it  what  temperature  the 
pilot  wants. 

2.  The  sensor  portion  on  the  cabin  temperature  sensor/controller 
senses  the  temperature  of  the  air  going  to  the  cockpit. 

3.  The  cabin  temperature  sensor  -  located  in  the  cockpit,  will 
send  a  signal  to  the  controller  portion  of  the  sensor/controller;  telling 
it  what  the  temperature  actually  is  in  the  cockpit. 

The  controller  will  take  these  three  signals,  process  them  and  adjust 
the  position  of  the  cabin  temperature  control  valve  to  the  temperature 
the  i  Hot  desires. 

Letfs  look  at  an  example  to  better  understand  this.    Remember,  there 
are  three  inputs  that  have  to  be  considered: 

1.  Selector  -  What  temperature  does  the  pilot  desire? 

2.  Sensor  on  controller  -  What  temperature  air  is  going  through 
the  duct  leading  to  the  cockpit? 

3.  Cabin  temperature  sensor  -  What  temperature  is  the  cabin  sensor 
presently  sensing? 


138 


Now  -  let's  say  the  pilot  selects  an  80PF  temperature  with  the 
temperature  selector.    The  cabin  temperature  sensor  is  presently  sensing 
a  cockpit  temperature  of  50°F.    With  these  two  temperatures f  the  cabin 
temperature  sensor/controller  will  demand  a  temperature  of  120°F  (duct 
sensor) . 

As  the  temperature  in  the  cockpit  comes  closer  to  the  desired 
temperature  (80*F),  the  duct  temperature  demand  will  change.    As  soon 
as  the  cabin  sensor  and  the  desired  temperature  become  the  same 
(80°  -  80°F),  the  duct  temperature  sensor  will  stop  demanding  hot  air. 
Supply  duct  temperature  can  range  from  35p  -  158°F. 

Both  the  cabin  sensor  and  the  duct  sensor  are  negative  coefficient. 
This  simply  means  that  with  a  high  temperature  around  the  sensors* 
resistance  will  decrease,  calling  for  more  cold  air  into  the  system. 

What  would  happen  if  during  troubleshooting  you  detected  a  short  in 
the  sensor  circuit?    The  first  thing  you  should  determine  is  what 
coefficient  is  the  sensor.    You  already  know  that  both  the  duct  sensor 
and  cabin  sensor  are  negative  coefficient.    Next,  what  kind  of  resistance 
will  a  short  create?    A  short,  as  you  already  know,  will  give  you  a  low 
resistance.    Knowing  these  two  factors,  you  can  determine  what  kind  of 
a  condition  you  will  have.    A  short  in  a  negative  coefficient  will  create 
a  low  resistance  t*hich  will  give  you  a  full  cold  condition  in  automatic. 

Anytime  resistance  decreases  in  a  negative  coefficient ,  you  are  going 
to  get  a  full  cold  condition  (only  in  automatic). 

Now  -  let's  say  we  have  a  low  temperature  around  the  sensor.  Once 
again,  we  are  working  with  a  negative  coefficient.    A  low  temperature 
will  cause  the  resistance  to  rise  (high) »  calling  for  hot  air  into  the 
system. 


What  would  happen  if  you  discovered  an  open  during  the  troubleshooting? 
Once  again,  think  about  the  coefficient  you  are  working  with.    Now,  what 
kind  of  resistance  does  *n  open  create?    If  a  short  created  low  resistance, 
then  an  open  will  cause  you  to  have  a  high  resistance.    Anytime  resistance 
in  a  negative  coefficient  goes  up  (high),  you  will  get  a  full  hot  condition 
in  automatic. 


Connected  to  the  cabin  temperature  sensor  is  a  fan.    This  fan  is 
used  to  draw  air  across  the  sensor.    It  does  not  blow  air  across  the  sensor 
for  this  would  create  a  cooling  effect  on  the  sensor. 

There  is  a  second  fan    seated  under  the  left  console.    The  only 
purpose  of  this  fan  is  to  circulate  air  under  the  console. 

Both  of  these  fans  are  115  VAC  motor  operated.    These  are  the  only 
two  components  that  use  115  VAC  power  for  operation  in  our  system. 

This  concludes  the  manual  and  automatic  operation  portion  of  the 
lesson.    The  next  part  of  the  lesson  will  cover  defog  operation. 
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The  defog  system  components  consist  of:    cockpit  (cabin)  defog 
outlets,  the  defog  air  diverter  valve,  and  the  defog  lever* 

We  will  start  out  discussing  the  defog  outlets. 

The  defog  outlets  are  part  of  what  is  called  the  glareshield.  A 
minimal  flow  of  cockpit  si.pply  air  through  the  defog  outlets  will  prevent 
windshield  fog. 

The  defog  air  diverter  valve,  is  a  manually  operated  valve  that 
g'  <ert8  cockpit  supply  air  through  the  defog  outlets, 

Defog  lever  -  This  lever  is  used  to  control  the  diverter  valve.  It 
can  be  positioned  in  various  positions  between  min  and  max.    By  controlling 
the  diverter  valve,  you  can  control  the  amount  of  cockpit  air  supply 
going  to  the  defog  outlets  and  the  cockpit  air  outlet  diff users.  The 
defog  lever  is  located  on  the  left  console. 

The  defog  system  can  be  used  in  both  automatic  and  manual. 

In  manual  there  will  be  no  change  in  the  temperature  of  the  airflow. 

In  automatic,  when  the  defcg  lever  is  positioned  to  the  "max"  position 
cwo  microswitches  will  be  actuated  (closed).    This  will  route  a  signal 
to  the  3-minute  time  delay  module.    This,  in  turn,  will  send  a  signal  to 
the  defog  relay,  energizing  the  relay  causing  a  signal  to  be  sent  to  the 
cabin  temperature  control  valve  causing  it  to  open. 

This  will  allow  a  temperature  of  158°F  (maximum  duct  supply  air 
temperature)  air  to  be  routed  to  the  windshield  for  a  maximum  time  of 
3  minutes.    After  the  3  minutes  are  up,  the  temperature  will  automatically 
change  to  the  setting  the  pilot  had  selected  for  automatic  operation. 

So  far  in  this  lesson  we  have  covered  the  portion  of  the  system 
that  controls  the  temperature  going  into  the  cockpit  and  also  the  defog 
portion. 

What  about  distribution?    How  is  the  air  distributed  after  temperature 
control  has  been  established? 

The  next  part  of  the  lessons  will  cover  just  that  -  cabin  air 
distribution. 

Also  included  in  the  cabin  distribution  system  is  the  cold  air  check 
valve  and  the  ram  air  valve. 

The  cabin  cold  air  check  valve  prevents  a  reverse  flow  of  air  in 
the  event  of  a  system  shutdown.    This  will  also  prevent  a  loss  of  cabin 
pressure. 

The  ram  air  valve  controls  the  flow  of  ram  air  to  the  cockpit  and 
to  the  equipment  supply  manifold. 

Anytime  ram  air  is  desired,  the  pilot  selects  "ram"  with  the  air 
source  switch.    This  will  deenergize  the  valve  allowing  it  to  spring- load 
to  the  open  position. 
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TEMPERATURE  CONTROL  AND  DEFOG  TESTER  INTERFACE 

The  temperature  control  and  defog  tester  interface  is  designed  to 
be  used  when  troubleshoting  the  temperature  control  systems  (this  includes 
defog) . 

The  ing  tests  will  check  the  operation  of  the  temperature 

selector  switch,  cabin  temperature  sensor,  cabin  temperature  control 
valve,  cabin  temperature  sensor/controller  and  the  cabin  temperature 
thermostatic  switch. 

Cockpit  Temp  Switch 

Valve  Drive  Test  -  This  test  will  allow  you  to  read  the  voltage 
drop  across  the  motor  of  the  cabin  temperature  control  valve.    This  is 
done  by  placing  the  "cockpit  temp"  switch  in  the  "VLV  PR"  position. 
This  will  tie  the  digital  voltmeter  (DVM)  into  the  circuit  allowing  you 
to  take  a  voltage  reading.    This  reading  will  be  displayed  on  the 
multimeter  display  portion  of  the  tester. 

This  test  must  be  done  in  manual.    The  reason  for  this  is  that  in 
automatic,  the  cabin  temperature  control  valve  will  not  drive  to  the 
full  open  or  full  cold  position. 

In  manual,  with  the  cabin  temperature  control  valve  full  cold 
(valve  will  be  closed)  voltage  should  read  less  than  1  volt.    In  full 
hot  (valve  fully  open)  voltage  should  be  greater  than  8  volts. 

Duct  Sensor  Test  -  This  test  takes  a  voltage  reading  from  the  duct 
sensor  portion  of  the  cabin  temperature  sensor /controller.    This  is  done 
with  the  temperature  selector  in  the  automatic  mode  of  operation. 
During  this  test  normal  voltage  should  read  between  10  to  14  volts. 

Bleed  Relay  Test  -  This  particular  test  has  already  been  discussed 
in  the  bleed  air  control  tester  interface  portion,  but  to  refresh  your 
memory,  we  will  go  over  it  again. 

With  the  "cockpit  temp"  switch  in  the  bleed  relay  position,  voltage 
supply  going  to  the  air  overtemp  relay  will  be  displayed  on  the  digital 
multimeter  (DVM).    Normally,  the  air  overtemp  relay  coil  voltage  is  zero. 
During  an  overheat  condition,  28  VDC  is  supplied  to  the  overtemp  relay. 
With  28  VDC  being  supplied  to  the  air  overtemp  relay*  what  is  going  to 
happen?    You  should  remember  that  at  this  point  the  air  overtemp  relay 
will  energize.    This  will  allow  28  VDC  power  to  the  three  primary  valves 
(7th  stag*  bleed  valve,  13th  stage  bleed  valve  and  the  VPR) .    With  all 
three  valves  energized,  what  is  going  to  happen  to  the  system?    This  will 
cause  the  system  to  shut  down. 

This  over temperature  can  be  simulated  by  placing  the  overtemp  switch 
in  the  Hi  Act  position  while  having  the  cockpit  temp  switch  in  the 
bleed-relay  position.    The  DVM  should  read  28  VDC  at  this  time. 

Relay  Valve  Drive  -  During  this  test  you  will  be  checking  the 
voltage  reading  of  the  177°  output  section  of  thermostatic  switch. 
This  reading  should  normally  be  zero. 
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If  the  air  conditioning  system  was  in  an  overheat  condition  (I77°F), 
the  thermostatic  switch  would  send  a  signal  to  the  cabin  temperature 
control  valve  relay;  the  DVM  would  indicate  28  VDC.    This  would  energize 
the  relay,  opening  the  electrical  circuit  going  to  the  cabin  temperature 
control  valve  allowing  it  to  close. 

Max  Heat  -  With  the  cockpit  temperature  switch  in  the  "max  heat" 
position,  the  tester  circuit  will  apply  maximum  current  to  .he  cockpit 
temperature  control  valve.    This  will  drive  the  valve  to  the  full  open 
(hot)  position.    This  full  open  position  is  obtained  by  grounding  the 
valve  coil  power  into  a  200  ohm  resistor. 

In  addition  to  this  happet'ng,  the  DVM  will  display  the  voltage  on 
the  cabin  temperature  control  valve.  Voltage  should  range  from  zero  to 
28  VDC  during  the  opening  of  this  valve. 

The  cabin  air  supply  temperature  may  also  be  monitored  by  placing 
the  tester  temperature  switch  in  the  cabin  position. 

Temp  Sensor  -  When  the  tester  cockpit  temp  switch  is  in  the  temp 
sensor  position,  and  the  "temperature  selector"  is  in  the  automatic  range, 
voltage  across  the  cockpit  temperature  sensor  is  presented  on  the  tester 
multimeter.    This  voltage  is  used  to  check  the  sensor.    Voltage  will 
range  from  approximately  1.2  VDC  to  1.8  VDC. 

A  voltage  reading  of  zero  volts  will  normally  indicate  a  short. 
The  cockpit  temperature  sensor  has  a  negative  coefficient.    If  the  multi- 
meter indicates  a  short  in  this  sensor,  what  condition  are  you  going  to 
get?    A  short  in  a  negative  coefficient  will  give  you  a  full  cold  condition. 

During  "max"  defog  a  voltage  reading  of  zero  will  occur.    This  will 
only  take  place  during  the  first  three  minutes  of  operation. 

A  voltage  reading  of  approximately  three  volts  will  indicate  an  open 
sensor  circuit.    What  condition  will  you  receive  with  an  open  in  a  negative 
coefficient?    This  would  give  you  a  full  hot  condition. 

Bridge  Positive  -  When  in  this  position,  and  the  temperature  selector 
is  in  the  auto  range,  the  voltage  on  the  positive  side  of  the  cockpit 
temperature  control  circuit  will  be  displayed  on  the  tester  multimeter. 
The  voltage  should  read  14.75  +.75  VDC.    This  voltage  is  used  as  a 
reference. 

Bridge  Negative  -  This  test  is  similar  to  the  bridge  position  test, 
the  differences  being  that  you  are  checking  the  negative  side  of  the 
cockpit  temperature  control  circuit.    Voltage  will  also  be  displayed  on 
the  tester  multimeter  during  this  check.    This  voltage  should  be 
11.7  +.5  VDC  and  will  also  be  used  as  a  reference. 

The  selector  output  voltages  should  be  within  2/10  of  a  volt  when 
you  compare  the  bridge  positive  and  bridge  negative  results. 
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Also  during  this  test  >ju  can  check  the  transition  of  the  voltage 
between  the  two  references.    The  voltage  should  have  a  smooth  transition 
between  the  two  references.    This  will  check  the  selector  for  opens  or 
shorts. 


Selector  output  -  When  the  cockpit  temp  switch  is  placed  in  the  SEL 
OUT  position,  the  voltage  from  the  selector  output  is  displayed  on  the 
tester  multimeter.    This  is  a  variable  voltage  taken  from  between  the 
bridge  positive  and  bridge  negative.  * 

As  in  the  bridge  negative  test,  the  voltage  should  transition 
smoothly  from  bridge  positive  to  bridge  negative  voltage  as  the  temperature 
selector  knob  is  rotated  within  the  automatic  range.    This  portion  of  the 
test  will  check  the  selector  for  evidence  of  any  opens  or  shorts  in  the 
circuit. 


Valve  Negai ive  -  This  check  does  the  same  thing  that  the  "valve  drive" 
test  does.    The  /alve  drive  was  the  first  check  we  discussed. 

In  this  check  the  DVM  is  tied  into  the  circuit.    By  tying  the  DVM 
into  the  circuit,  you  can  read  the  voltage  coming  from  the  negative  side 
of  the  valve.    This  reading  will  tell  you  how  much  /oltage  remains  after 
the  voltage  drop  across  the  motor.    This  reading  should  range  between 
28  to  20  VDC,  depending  on  the  position  of  the  valve.    A  loss  of  voltage 
at  this  point  may  indicate  a  number  of  malfunctions.     (Pg  III  -  12) 


Over temperature  Switch 


Lo-Act  -  By  positioning  the  overtemp  switch  in  the  "Lo-ActM  position, 
you  are  checking  the  177°  position  of  the  cabin  temperature  thermostatic 
switch. 


This  is  accomplished  by  "shorting"  the  sensor  in  the  thermostatic 
switch.    This  will  decrease  the  resistance  of  the  thermostatic  switch 
which  will  make  the  bridge  circuit  in  the  controller  think  it  is  hot  in 
the  duct.    You  should  remember  what  happens  when  the  thermostatic  switch 
senses  a  temperature  of  177°F  from  earlier  discussion!    You  should  recall 
that  by  sensing  177°F,  the  cabin  temperature  control  valve  relay  will 
energize.    With  the  cabin  temp  control  valve  energized,  what  happens  to 
the  cabin  temperature  control  valve?    This  will  cause  the  valve  to  close. 
This  can  be  checked  by  monitoring  the  "tempo"  display  on  the  tester. 

Lo-Bridge  -  By  putting  the  "overtemp  switch"  in  the  lo-bridge 
position,  you  are  tying  the  DVM  into  the  circuit.    This  will  allow  you 
to  take  a  voltage  reading  from  the  negf  *:ive  side  of  the  sensor  in  the 
thermostatic  switch.    Normally  this  voltage  should  read  13  to  14  volts. 
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OBJECTIVES 


Relate  eight  out  of  ten  bleed  air  system  components  to  their 
operation. 


INSTRUCTIONS 

This  programmed  text  presents  information  in  small  steps  called 
frames.    After  each  step  you  are  asked  to  complete  a  statement, 
match  some  statements,  or  respond  to  the  information  presented  in 
some  other  way.    Read  the  material  presented  and  make  your  response 
as  directed  by  the  frame.    After  you  have  made  your  response,  compare 
your  answers  with  the  correct  answers  found  on  the  top  of  the  next 
frame.    Any  time  you  respond  incorrectly,  reread  the  frame  to  get 
the  information  correctly.    Write  the  correct  response  next  to  your 
original  response  and  then  proceed  to  the  next  frame*    If  necessary 
you  may  go  back  to  check  a  fact  or  principle,  but  do  not  skip  ahead 
unless  you  are  told  to  do  so. 

Use  this  simple  rule:    READ  RESPOND  CONFIRM  ADVANCE. 

YOU  WILL  not  be  graded  on  how  fast  you  complete  this  material. 
You  will  be  tested  later  on  what  you  have  learned. 


Supersedes  3ABR42331-PT-206,  4  May  1981,  which  tuay  be  used  until 
existing  stock  is  exhausted. 
OPR:    3370  TCHTG 
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Frame  1 

The  engine  bleed  air  supply  system  is  used  to  supply  hot  pressurized 
engine  bleed  air  to  the  cabin  air  conditioning  system,  the  air  condi- 
tioning ram  air scoop,  and  engine  nacelle  anti-icing  systems,  the 
hydraulic  reservoirs,  and  engine  starters. 

This  bleed  air  is  taken  from  the  last  stage  of  engine  compression. 
The  pressure,  temperature,  and  flow  of  engine  bleed  air  is  dependent 
upon  the  engine  throttle  setting  and  air  demand. 

Answer  each  of  the  following  statements  as  either  true  (T)  or  false  (F). 

 1.      Hot  pressurized  air  is  taken  from  the  middle  stage  of  the 

aircraft's  engines. 

 2.     The  last  stage  of  compression  on  the  engines  provides  hot 

pressurized  bleed  air  to  the  cabin  air  conditioning  system. 

 3.      The  engine  throttle  settings  will  determine  the  pressure, 

temperature  and  the  flow  of  the  bleed  air  in  the  system. 
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Answers  to  Frame  1:    1.    __F_    2.    _T_    3.  T 
Frame  2 

A  ground  air  cart,  the  MA-1A,  is  shown  in  the  sketch  below. 
It  is  used  to  start  the  planes  engines,  ground  check  the  bleed  air 
supply  system  and  ground  check  the  air  conditioning  system. 

The  MA-lA  is  connected  to  the  engine  by  a  ground  service  receptacle 
and  this  will  be  explained  to  you  in  the  next  frame. 

The  sketch  shows  the  ground  air  cart  connected  to  an  aircraft. 


I 


Answer  each  of  the  following  statements  as  either  true  (T)  or  false  (F) . 

 1.      The  ground  air  cart  used  to  start  aircraft  engines  is  the 

MA-1A. 

 2.      The  MA-1A  compressor  can  also  be  used  to  ground  check  both 

the  bleed  air  and  air  conditioning  systems. 
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The  numbered  items  are  in  the  sketch  above. 


One  bleed  air  ground  service  receptacle  (#3)  is  found  in  the 

bottom  of  each  engine  nacelle  fairing  (#4) .    This  receptacle  serves 

as  a  quick  disconnect  to  permit  a  ground  air  cart  to  be  connected 
to  the  engine  bleed  air  system  duct  (#1). 

The  receptacles  are  identified  by  the  external  marking  "PNEUMATIC 
GROUND  CONNECTION"  (#5). 

A  ground  service  receptacle  check  valve  (#2)  is  put  between 
the  ground  service  receptacle  and  the  engine  bleed  air  system  duct. 

The  check  valve  is  used  to  prevent  a  reverse  airflow  in  the 
system.    The  check  valve  will  be  open  if  the  MA-1A  is  supplying 
air  to  the  engine  and  will  close  when  the  engine  starts  to  supply 
the  bleed  airflow. 
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Match  the  number  in  the  sketch  with  the  statement  below  and  place 
the  number  of  your  choice  on  the  blank  line  provided. 

1.   Permits  an  external  air  source  to  be  connected  to  the  engine 

bleed  air  system. 

2.   Installed  between  the  ground  service  receptacle  and  the  engine 

bleed  air  system  duct  to  prevent  a  reverse  air  flow. 

3.   Must  be  closed  when  the  engine  is  supplying  the  air  pressure. 
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Answers  to  Frame  3:  1.  3  2.  2  3.  2 
Frame  4 


Engine  bleed  air  flapper  type  check  valves  are  installed  on 
the  bleed  air  system  ducting  to  prevent  a  reverse  airflow  within 
the  system. 

During  normal  airflow,  the  check  valves  are  in  the  open  position. 
If  a  reverse  airflow  should  start,  the  check  valve  will  move  to  the 
closed  position. 
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Frame  4  (Continued) 

Note:    The  sketch  show*  two  check  valves  installed  in  the  bleed 
air  system  ductin6.    Both  valves  preveo    a  ircvtrse  f low  of 
air  in  the  bleed  air  system. 

The  engine  bleed  air  ducts,  also  shown  in  the  sketch  are  ^.d 
to  convey  the  hot  engine  bleed  air  to  it's  point  of  use.    Ther  ducts 
are  thin  walle.  "ubes  made  of  corrosion  resistant  steel. 

Complete        following  statements  by  writing  in  the  correct  word 
ol*  words. 

1,    chr-k  valves  are  installed  in  the  engine 

bleed  air  ducting. 

2.  The  bleed  air  check  valves  will  allow  

to  f  ow  oui  of  the  engine  compressor  and  will   

if  air  tries  to  flow  into  the  engine  compressor. 

J.      The  are  used  to  carry  the  engine 

bleed  air  to  its  points  of  use. 

4.      The  bleed  air  ducts  are  made  of  thin  walK  i 
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Answers  to  Frame  4:    1.    Flapper  type  2.    bleed  air  -  closed 

3.    bleed  air  ducts  4.    corrosion  resistant  steel 


Frame  5 

The  engine  bleed  air  ducts  are  supported  by  either  single  or 
double  hinged  swinging  gate  type  supports,  as  shown  in  the  sketch. 

The  supports  allow  for  a  pivoting  action  to  take  place  during 
expansion  and  contraction  of  the  duct. 


TRUNNION  BOLT  (TYPICAL) 


Answer  each  of  the  following  questions  as  e/.ther  true  (T)  or  false  (F)  . 

 1.      The  swinging  gate  type  support  brackets  will  allow  a  pivot 

action  to  take  place  during  expausion  and  contraction  of 
the  duct. 

 2.      Only  a  single  hinged  swinging  gate  type  support  is  used. 
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Answers  to  Frame  5:    1.      T       2.  F 


Frame  6 


In  Addition  to  the  swinging  gate  support 9  a  bellows  assembly 
(5)  acts  as  a  universal  joint  to  allow  for  thermal  expansion. 

In  addition,  this  bellows  assembly  compensates  for  twisting 
and  bending  movements  of  the  aircraft  structure. 


BONDING  JUMPER 


(^FLANGE 


I  BOLTS 


STRUCTURE 
BOLTS 


Complete  the  following  statements  by  placing  the  correct  word  or 
words  in  the  space  provided. 

1.      The  bellows  assembly  used  in  the  wing  ducts  compensate 
for 


2.      Engine  bleed  air  ducts  are  made  of 


# 
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Answers  to  Frame  6:  1«  thermal  expansion  2,  corrosion  resistant  steel 
Frame  7 


Match  the  component  part  in  column  B  with  the  statement  in  column 
A  that  best  describes  that  part. 


1. 


2. 


3. 


4. 


6. 


Column  A 

Permits  an  external  air  source 
co  be  connected  to  the  engine 
air  bleed  system  duct. 

Provides  hot  high  presb  aix 
for  use  by  the  air  condit "  -»ning 
system. 

Used  in  the  wing  ducts  to  com- 
pensate for  thermal  expansion 
of  the  ducts. 

Will  ellow  hot  high  pressure 
air  to  flow  out  of  the  engine 
compressor  but  will  close  if 
air  tries  to  flow  into  the  com- 
pressor. 

Can  be  used*  to  start  aircraft 
engines  or  ground  check  the 
bleed  air  and  air  conditioning 
systems. 

Allows  a  pivot  action  to  take 
place  during  expansion  and 
contraction  of  the  duct. 


d. 


e. 


f . 


Column  B 

Last  stage  of  compression 
on  jet  engine. 

MA-1A  compresscr. 

Pneumatic  ground 
connection. 

Engine  bleed  air  check  valve, 
Swinging  gate  type  support. 
Bellows  assembly 
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Answers  to  Frmie  7:    1.      c     2.      a     3.    JE_   4.      d     5.      b  6. 

Frame  8 


The  engine  bleed  air  ducts  are  maJo  in  various  lengths  to  make 
it  easier  to  remove  and  replace  them* 


The  illustrations  show  the  bolted  flange  method  of  connecting 
duct  sections  together.    A  gasket  is  put  in  between  the  two  parts 
of  the  duct  to  prevent  leakage. 


11 
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Frame  8  (Continued) 

A  new  gasket  that  is  free  of  creases,  imperfections,  and  foreign 
material  should  be  put  in  any  time  a  section  of  duct  is  installed • 

The  bolts  should  be  tightened  in  gradual  steps  on  opposite 
alternate  diameters  with  a  torque  wrench  to  technical  order  specifications. 

Answer  each  of  the  following  questions  as  either  true  (T)  or  false  (F) . 

 1.      For  easier  removal  and  replacement,  ducts  are  made  in  various 

lengths. 

 2.      Each  time  a  section  of  duct  is  removed  and  replaced  a  new 

gasket  should  be  installed. 

 3.      A  torque  wrench  should  be  used  to  tighten  the  nuts  on  the 

flange  bolts  according  to  technical  order  specifications. 


ERLC 


12 

155 


Answers  to  Frame  8:  '  1.     T       2.     T       3.  T 

Frame  9 

Two  more  ways  of  connecting  ducts  together  are  shown  in  the  sketch* 

The  Mannan  Channel  Band  coupling  is  used  to  couple  cold  air  ducts 
together  in  the  air  conditioning  system. 


Marman  Channel  Band  Coupling 


The  Janitrol  couplings  can  also  be  used  to  clamp  components 
of  the  system  to  the  ducts. 


Janitrol  Coupling 

On  both  couplings,  the  nut  on  the  T-bolt  should  be  tightened  with 
a  torque  wrench* 

Mark  the  letter  in  front  of  your  choice* 

1*      T-bolts  on  both  couplings  should  be  tightened  with  a/an 

a.  open  end  wrench, 

b*  box-end  wrench* 

c.  socket  wrench. 

d.  torque  wrench* 

2.      The  Marman  Channel  Band  coupling  is  used  on 

a.  hot  engine  bleed  air  ducts* 

b*  cold  and  hot  air  ducts, 

c*  cold  air  ducts* 

d.  hot  air  ducts* 
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Answers  to  Fraiue  9  s    1.      d       2.  c 
Frame  10 

Engine  bleed  air  ducts  in  most  areas  are  covered  by  metal  foil 
insulation*    This  insulation  is  used  to  cut  down  heat  loss  from  the 
ducts,  prevent  damage  to  the  structure  and  equipment  next  to  'he 
hot  air  ducts,  and  help  keep  them  from  burning  those  coming  in  contact 
with  the  ducts. 

The  insulation  la  secured  around  the  ducts  with  safety  w^re 
lacing  as  shown  in  the  sketch. 


Complete  the  following  statements  by  writing  in  the  word  or  words 
on  the  lines  provided. 

1.  placed  around  the  .ducts  will 

prevent  damage  to  the  structure  and  equipment  close  to  the  ducts. 

2.  is  used  to  secure  the  insulation 

around  the  ducts. 

3.  The  insulation  material  used  on  the  hot  air  ducts  is 
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Answers  to  Frame  10:    1.    Metal  foil  Insulation    2.    Safety  wire  lacing 

3.    metal  foil 

Frame  11 

Place  the  letter  under  each  of  the  following  schematics  in  the 
blank  space  alongside  the  correct  name. 


B 


_1.      Bolted  Flange  Connection. 
_2.      Marman  Channel  Band  Coupling. 
3.      V  Band  Coupling. 
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Answers  to  Frame  11:    1.      c       2.      b       3.  a 
Frame  12 

Engine  bleed  air  for  air  conditioning  and  preseur ization  is 
normally  supplied  by  engines  3  and  4  in  strut  numbar  two.  During 
an  emergency  when  air  is  not  available  from  strut  number  2,  strut 
number  3  with  engines  5  and  5  will  supply  the  engine  bleed  air. 
The  relative  positions  for  the  struts  and  engines  mentioned  are 
shown  in  the  illustration. 


Match  the  statements  in  column  B  to  the  correct  component  i?   column  A. 

 1.      Engines  Number  5  and  6.  A.      Normal  source  of  bleed 

air. 

 2.      Strut  Number  2. 

B.      Emergency  source  of 
bleed  air. 

3.      Strut  Number  3. 


_4.      Engines  Number  3  and  4. 


16 

159 


Answers  to  Frame  12:    1.    JJ_     2.      A       3.      B       4.  A 


Frame  13 


The  illustration  is  a  schematic  of  the  bleed  air  system.  Engine 
bleed  air  is  taken  from  the  last  stage  of  compression  on  engines 
3  and  4  of  stvut  number  two,  during  normal  operation  of  the  air 
conditioning  system. 

This  air  passes  through  the  precooler  in  strut  number  2  into 
the  wing  manifold  and  then  through  the  body  crossover  manifold  valve 
to  the  air  conditioning  package. 

During  emergency  operation  of  the  air  conditioning  system,  bleed 
air  is  taken  from  the  last  stage  of  compression  on  engines  5  and  6.  It 
passes  through  3trut  number  3  bleed  valve  into  the  wing  manifold  and 
then  to  the  air  conditioning  package.    The  body  crossover  valve  closes 
to  isolate  the  lef"  side  of  the  bleed  air  manifcld. 

On  the  schematic  shown  below,  note  the  position  of  the  bleed  air  check 
valves,  precooler,  struts  number  1,  3,  and  4  bleed  valves,  and  the 


Frame  13  (Continued) 

Answer  each  of  the  following  questions  as  either  true  (TJ  or  false  (F) . 

1 ,  Bleed  air  for  normal  operation  of  the  air  conditioning 
system  is  taken  from  the  last  stage  of  compression  on 
engines  5  and  6. 

2.  Strut  number  3  is  used  to  supply  an  emergency  source  of 
bleed  air  for  air  conditioning. 

 3.      The  precooler  is  mounted  in  strut  number  two. 
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Answers  to  Frame  13:    1.  2|.    [jj  3*  T 

Frame  14 

The  heat  exchanger  (precooler)  >.  shown  in  the  sketch  Is  In  strut 
no,  2.    The  precooler  reduces  the;  engine  bleed  air  temperature  from 
740°F  to  a  discharge  temperature  that  will  not  be  more  than  475°F. 

Cooling  of  the  engine  bleed  air  is  done  by  directing  the  bleed 
air  through  a  heat  exchanger  core,  whfile  ram  air  is  flowing  across 
the  core.    This  action  transfers  the  heat  from  the  bleed  air  to  the 
ram  air  and  then  sent  overboard. 


MMTIXOUMO«~~  , 


Complete  the  following  statements  by  writing  the  correct  words  on 
the  lines  provided. 

1.      The  precooler  is  mounted  in  ______ 


2.      The  precooler  transfers  the  heat  of  the  bleed  air  to 
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Answers  to  Frame  14:    1,    strut  number  2     2.    ram  air 


Frame  15 

The  bleed  air  valves  that  are  installed  in  struts  1  and  4,  as 
shown  in  the  sketch,  are  identical  units.  They  need  a  combination 
of  28  volts  for  control  and  are  actuated  by  air  pressure. 

These  valves  are  solenoid  controlled  and  air  actuated.  These 
valves  have  a  fail  safe  feature  which  will  cause  the  valves  to  close 
any  time  electrical  power  is  lost. 

The  only  time  that  struts  number  1  and  4  bleed  valves  are  opened 
are  during  engine  start,  or  when  an  operational  check  of  the  bleed 
air  valves  is  required. 

CAUTION 1 1 i         Struts  number  1  and  4  cannot  be  used  as  a  source  of 
bleed  air  for  air  conditioning.    Both  valves  are 
controlled  by  the  manifold  valve  switch. 

ELECTRICAL      ILEEO  VALVE 
SOLMOIDv    CONNECTOR  ACTUATOR 

(PNEUMATIC) ' 


•ONDINO 
JUMPER 


BLEED  VALVE 
Complete  the  following  statements. 

1.  Strut  number  1  and  4  bleed  valves  are  solenoid  controlled 
and    actuated. 

2.  Strut  number  1  and  4  bleed  valves  are  fail  safe 


3.  Strut  number"  1  and  4  bleed  valves   when  electrical 

power  is  lost. 

4.  To  start  aircraft's  engines,  strut  number  1  and  4  bleed 
valves  are   . 

5.  Strut  number  1  and  4  bleed  valves  can  be  when  an 

operational  check  of  the  bleed  valves  is  required. 
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Answers  to  Frame  15:     1.    air     2.    closed     3.  close 

4.    open    5.  opened 

Frame  16 

The  engine  bleed  air  body  crossover  manifold  valve  is  located 
in  the  left  wing  bleed  air  system  manifold.    This  valve  is  operated 
by  a  118  volt  AC  motor. 

Thi3       ve  is  opened  to  allow  engine  bleed  air  to  flow  fiom 
strut  #2  t     «ie  cabin  air  conditioning  system  during  normal  system 
operation.    The  body  crossover  manifold  valve  will  also  be  opened 
during  starting  of  the  aircraft's  engines, 

Th^  body  crossover  manifold  valve  is  controlled  by  the  Bleed 
Selector  Switch  or  the  manifold  valve  switch. 


Mark  the  lettc-  in  front  of  your  choice, 

1.  The  body  crossover  valve  is  operated  by 

a.  air  pressure. 

b.  a  hydraulic  motor. 

c.  a  24V  DC  motor. 

d.  a  118V  AC  motor. 

2.  During  normal  operation  of  the  air  conditioning  system,  engine 
bleed  air  is  received  from  strut  numbei 

a.  1 

b.  2 

c.  3 

d.  4 
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Answer 8  to  Frame  16  •>    1.      d       2.  b 
Frame  17 

St  Ait  number  3  bleed  valve  is  a  118  volt  AC  motor  driven  butterfly- 
type  valve. 

The  valve  is  normally  closed  and  can  be  controlled  with  either 
the  bleed  selector  switch  or  the  manifold  valve  uwitch. 

The  valve  is  opened  for  starting  engines  or  to  supply  emergency 
bleed  air  for  the  cabin  air  conditioning  system. 


Answer  each  of  the  following  statements  as  either  true  (T)  or  false  (F) . 

 1.      Strut  number  3  bleed  valve  is  powered  by  a  118  volt  AC 

!S£tor . 

 2.      Strut  number  3  is  used  to  supply  emergency  bleed  air  for 

the  cabin  air  conditioning  system. 

 3.      Strut  number  3  bleed  valve  is  opened  to  start  the  aircraft^ 

engines • 

22 
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Frame  17  (Continued) 

To  supply  emergency  bleed  air  for  the  cabin  air  conditioning, 
strut  number  3  bleed  valve  must  be  opened. 

The  manifold  valve  switch  or  the  bleed  selector  switch 
can  control  strut  number  3  bleed  valve. 
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Answers  to  Frame  17:    1.       T       2.        T         3.       T       4.        T       5.   T 


Frame  18 


Match  the  component  parts  in  column  B  to  the  statement  that 
best  describes  that  part  In  column  A. 


1. 


2. 


3. 


4. 


5. 


6. 


Column  A 

Reduces  the  engine  bleed  air 
temperature  from  740°F 
to  475°F. 

Provides  an  emergency 
source  of  bleed  air  for  air 
conditioning  system 
operation. 

Will  be  opened  to  start 
aircraft  engines  and  provide 
the  air  conditioning  system 
vita  bleed  air  from  the  normal 
source. 

Is  used  as  the  normal  source 

of  bleed  air  for  air  conditioning 

and  pressurization. 

Will  be  opened  only  to  start 
aircraft  engines. 

Will  be  opened  to  start 
aircraft  engines  or  supply 
emergency  bleed  air  for 
cabin  air  conditioning. 


Column  B 

A.  Strut  No.  2 

B.  Strut  No.  3 

C.  Precooler 

D.  Struts  No.  1  &  4 
bleed  valve 

£.      Body  crossover 
manifold  valve 

F.      Strut  No.  3  bleed 
valve 
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Answers  to  Frame  18:    1.       C       2.       B       3.       E       4.       A       5.  D 

6.        F  ' 

Frame  19 

The  manifold  valve  switch,  in  the  illustration,  is  used  to  open 
all  the  bleed  air  valves  only  during  engine  starting. 


MANIFOLD  VALVI  SWITCH 


Complete  the  following  statements  by  filling  in  the  blanks  provided. 


The  manifold  valve  switch  has  two  positions    and 


Lifting  the  cap  and  pressing  the  manifold  valve  switch  to  the 
open  position  will  open  the  body  crossover  valve,  strut  No,  3 
bleed  valve,  and  struts  and 


3.      The  manifold  valve  switch  is  used 


• 
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Answers  to  Frame  19:    1.    open,  close       2.    1,  4 

3.    during  e-gine  start 


Frame  20 


PRESSURE 
RELEASE 
WITCH 


-CABIN  PRESSURE  (AIR  CON- 
DITIONING) MASTER  SWITCH 


—BLEED  SELECTOR  SWITCH 


The  engine  bleed  air  system  controls  also  consists  of  a  cabin 
pressure  master  switc^  and  a  bleed  selector  switch  as  shown  in  fc'ae 
sketch  above.    The  c      i  pressure  master  switch  has  four  positions: 
PAM.  OFF,  7.45  psi,  a.  i  COMBAT  4.50  psi. 

The  bleed  selector  switch  has  two  positions.  NORMAL  and  EMERGENCY. 
The  position  of  the  bleed  selector  switch  determines  the  availability 
of  the  engine  bleed  air  from  either  strut  nunfcar  2  or  3  for  air 
conditioning  and  pressurization. 

Answer  each  of  the  following  statements  as  either  true  (T)  or  false  (F) . 

 1.     The  four  positions  on  the  cabin  pressure  master  switch 

are  ram,  Off,  7.A5  psi,  and  Combat  4.50  psi. 

 2.     The  two  positions  on  the  bleed  selector  switch  are  Normal 

and  emergency. 

 3.     The  availability  of  engine  bleed  air  from  either  strut 

number  2  or  3  is  determined  by  the  position  of  the  bleed 
selector  switch. 
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Answers  to  Frame  20:    1.    T     2.    T     3.  T 


Frame  21 


Using  the  switch  position  table  shown  below,  complete  each  of 
the  following  statements. 


SWITCH  POSITION 


MR  ROUTE 




tfritnrtto 
41  offer 
Struts 

M»*  3  stmt 

tolr  cond* 
^     Ming  pock 

No.  2  strut 
f  to  oir  cond* 
irioning  pack 

Individual 
Strut  only 


CABIN 

pressure 

MASTER 
SWITCH 


RAM  or 

OFF 


7.4$P$lof 
COMBAT 
4.5  PSI 

7J5  PSI  or 
COMBAT 
4.5  PSI 

RAM  or 
OFF 


MANIFOLD 
VALVE 
SWITCH 


selector 

SWITCH 


OPEN 


CLOSED 


CLOSED 


CLOSED 


NORMAL  «r 
EMERG 


EMERG 


NORMAL 


NORMAL  or 
EMERG 


CAUTION 

•  To  provoot  txctssivo  blood  oir  manifold  tomporoturos 
which  could  rosult  in  o  ftro  hazard,  do  not  oporato  any 
onajnos  othor  than  No.  3  or  4  obovo  80%  rpm  with  tho 
monifald  valva  switch  opon. 

•  Do  not  uxcoad  246*  C  (475*  F)  whan  oparoting  angina  No. 
5  or  6  with  0ANIFOLD  VALVE  switch  in  CLOSE  position 
ond  BLEED  SELECTOR  switch  in  EMERG  poor  . 


1.     To  get  air  from  strut  number  2  the  air  conditioning  system, 
the  nv  ifold  valve  switch  is  closed,  the  bleed  selector 

switch  will  be  in  the   m  position,  and 

the  cabin  pressure  master  switch  vil      I  in  the  7.45  or 
''.50  psi  position 


2.     To  get  air  to  go  from  any  strut  to  all  the  other  struts 
during  engine  starting,  the  cabin  pressure  master  switch 
is  in  the  OFF  or  RAH  position,  the  manifold  valve  switch 

is  in  the  position  and  the 

bl^ed  selector  switch  will  be  in  normal  or  emergency. 


e 
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Ambers  to  Frame  21:    1.    NORMAL       2.  OPEN 
Frame  22 

Using  the  switch  position  chart  as  a  guide ,  write  down  the  bleed 
air  system  control  positions  for  each  of  the  following  situations. 


SWITCH  POSITION 




MR  ROUTE 

CABIN 
PRESSURE 
MASTER 

SWITCH 

MANIFOLD 
VALVE 
SWITCH 

BLEBt 
SELEtftH 
SWITOB  - 

Air  strut  to 

OP  OTnOf 

struts 

RAM  or 

OFF 

wrr 

OPEN 

NORMAL  wt 

cue  on 

ft*.  3  strut 
to  oir  cond- 
itioning pock 

7.45  PSI  or 
COMBAT 
4.5  PSI 

CLOSED 

EMERG 

ho.  2  strut 
Id  oir  cond- 
ition i  g  pock 

7.45  PSI  or 
COMBAT 
4.5  PSI 

CLOSED 

NORMAL 

Individual 
owvt  only 

RAM  or 
OFF 

CLOSED 

NORMAL  or 
EMERG 

CAUTION 

•  To  provont  oxcossivo  blood  oir  manifold  tomporaturos 
which  could  rosult  in  o  firo  hozord,  do  not  oparatt  any 
onginos  othor  than  No.  3  or  4  obovo  80%  rpm  with  tho 
monifold  volvo  switch  opon. 

•  Do  not  oxcaod  246"  C  (475*  F)  whan  oporoting  angina  No. 
5  or  6  with  MANIFOLD  VALVE  twitch  in  CLOSE  position 
ond  BLEED  SELECTOR  switch  in  EMERG  position. 


1.      To  start  aircraft  engines  with  a  ground  cart  connected  to 
strut  No.  2  the' switch  positions  will  be: 

a.      Cabin  Pressure  Master  Sw. 


b.      Manifold  Valve  Sw. 


c.      Bleed  Selector  Sw. 


2.      To  get  bleed  air  for  the  air  conditioning  system,  from  the 
normal  source  the  switch  positions  are: 

a.      Cabin  Pressure  Master  Sw. 


b.      Manifold  Valve  Sw. 


c.      Bleed  Selector  Sw. 
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Frame  22  (Continued) 

To  get  bleed  air  for  air  conditioning  from  the  emergency  source 
the  switch  positiors  are: 

a.  Cabin  Pressure  Master  Sv,   —   * 

b.  Manifold  Valve  Sw.   . 

c.  Bleed  Selector  Sw,   . 
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Answers  to  Frame  22:    1.    a,    RAM  or  OFF     b.    OPEN     c.    NORMAL  or  EMERGENCY 

2.1   a.    7,45  P8i  or  Combat  4.5     b»  CLOSED 
c.  NORMAL 

3.    a.    7,45  psi  or  Combat  '*.5  psi     b.  CLOSED 
c.  EMERGENCY 

Frame  23 

A  manifold  air  temperature  indicator  and  sensing  bulb,  shown 
in  the  sketch  indicates  the  air  temperatvre  in  the  bleed  air  system. 
The  indicator  is  scaled  in  degrees  from  -.^0°  to  +300°C  (-4°  to  +575°F) 
and  is  red  lined  at  246°C  (475°F)  for  maximum  operating  temperature. 

Resistance  of  the  temperature  bulb  varies  with  temperature  changes. 
The  indicator ,  is  located  on  the  copilot's  auxiliary  side  panel 
and  the  manifold  air  temperature  bulb  is  located  in  the  engine  air 
bleed  supply  system  duct. 


CONDITIONING 
PACK 


Answer  each  of  the  following  statements  as  either  true  (T)  or  false  (F)  • 

1.     A  manifold  air  temperature  indicating  system  Is  used  to 
indicate  the  air  temperature  in  the  bleed  air  system. 

 2.     The  indicator  is  red  lined  at  246°C. 

 3.     The  temperature  of  the  air  flowing  through  the  ble  ^  air 

system  will  vary  the  resistance  of  the  sensing  bulb. 
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Answers  to  Frame  23:    1.      T      2.    T      3.  T 


Frame  24 


Using  the  illustration  as  a  guide,  trace  the  electrical  circuxts 
and  complete  the  following  statements  by  placing  the  word  or  words 
in  the  blank  spaces  that  would  make  the  statement  true* 


1.  Strut  No.  1  and  Strut  No.  4  bleed  valves  are  supplied  with 
 volts. 

2.  The  body  crossover  manifold  valve  and  strut  No.  3  bleed 
valve  are  supplied  with   volts, 

3*      When  the  manifold  valve  switch  is  placed  in  the  open 

position,  all  the   air  valves  will  open. 

4.  If  the  open  wire  indicated  by  the  symbol  existed 

in  the  electrical  circuit,  both  Strut  No.   and 

Strut  No.   bleed  valves  will  not  open. 

5.  If  the  open  wire  indicated  by  the  symbol  existed 

in  the  electrical  circuit  the   


valve  will  not  open. 


6.      If  the  open  wire  indicated  by  the  symbol  existed 
in  the  electrical  circuit  ^ ____ 
bleed  valve  will  not  open. 
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Answers  to  Frame  24:    1.     28    2.    118    3.    bleed    4.    1  and  4 

5.  Body  crossover  manifold 

6.  Strut  No.  3 

Frame  25 

Using  the  illustration  shown  as  a  guide,  trace  the  electrical 
circuits  and  complete  the  following  statements  by  placing  the  word 
or  words  in  the  blanks  spaces  that  would  make  the  statement  true. 
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Frame  2,  (Continued) 

1.  When  manifold  valve  switch  is  placed  in  the  closed  position, 
all  the   air  valves  will  close. 

2.  If  the  open  wire  indicated  by  the  symbol  Qn  existed 
in  the  electrical  circuit,  Strut  No.  3  bleed  valve  will 
not  . 

3*      If  the  open  wire  indicated  by  the  symbol  Cu)  existed 
in  the  electrical  circi'it  the 


valve  will  not  close. 
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Answers  to  Frame  25:    I.    bleed     2.    close      3.    body  crossover 

manifold 


Frame  26 

With  the  switches  on  the  circuit  shown  in  the  following  positions, 
complete  each  statement  written  below  with  the  word  or  words  that 
will  make  each  statement  ♦rue. 
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Frame  26  (Continued) 


Switch  Positions: 


Manifold  Valve 
Switch-Closed 
Cabin  Pressure 
Master  Sw. 

.45  pel 
Bleed  Selector 
Switch  Normal 


1.      Strut  No.  3  bleed  valve  will  be 


2.     The  body  crossover  manifold  vclve  will  be 


3.  With  the  body  cros.    r  r  vaT^  open,  hot  high  pressure  air 
wilt  be  received  from  Strut  No.   , 

4.  If  the  open  electrical  circuit  Indicated  by  the  symbol  j 
existed,  the  body  crossover  manifold  valve  would  noc  opetr 

when  the  switch  was 

positioned  to  normrl. 

5.  If  the  open  electrical  circuit  indicated  by  the  synbol f3 j 
existed,  the  

 valre  would  not  open  when  the  bleed 


selector  switch  was  in  nhe  open  position. 
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An  rfers  to  Frame  26:    1.    closed      2.    open      3.  two 

4.    bleed  selector    5.    body  crossover  manifold 

Frame  27 

With  the  switches  in  the  circuxt  shown  in  the  following  positions, 
complete  each  statement  written  below  with  the  word  or  words  that 
make  each  statement  true. 
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Frame  27  (Continued) 

Switch  Positions: 

Manifold  Valve 

Sw  Closed, 

Cabin  Pressure 

Master  Sw  

7.45  psi 
Bleed  Selector 
Sw — Emergency 


1.      With  the  switch  positions  shown  above,  Strut  No,  3  bleed 
valve  will   • 


2*      With  the  switch  positions  shown  above,  the  body  crossover 
manifold  valve  will  . 

3.      I*,  the  open  wire  indicated  by  the  synfcol  (  1J  existed, 

in  the  electrical  circuit,  the  


valve  wi1!  not  close. 


4.  If  the  open  wire  indicated  by  the  synb^l  \2J  existed 
in  the  electrical  circuit,  the  Strut  No,  3  oleed  valve 
will  not 


ERIC 


37 

130 


Answers  to  Frame  27:    1.    open      2.    close      3.    body  crossover  manifold 

4.  open 


Frame  28 


Using  the  illustration  shown  as  a  guide,  complete  each  of  the 
following  statements  with  the  word  or  words  th  t  will  make  each 
statement  true* 


If  the  open  electrical  circuit  indicated  by  circle  ^T) 
was  in  the  circuit,  both  Strut  No.  4  bleed  valve  and 
Strut  No.  1  valve  would  not   . 
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Frame  28  (Continued) 

2.  If  the  open  circuit  indicated  by  circle  ^2^    and  the 
manifold  valve  switch  were  placed  in  the  open  position, 
Strut  No.  3  bleed  valve  would  not   . 

3.  If  the  open  electrical  circuit  indicated  by  circle 
was  in  the  circuit,  Strut  No.  3  bleed  valve  will  not 

  when  the  bleed  se lector  switch  was  in  the 

normal  position. 

4.  If  the  open  electrical  circuit  indicated  by  circle 
was  in  the  circuit,  the  body  crossover  manifold  valve 

would  not   with  the  bleed  selector  switch  in 

the  normal  position. 


Answers  to  Frame  28; 

1.  Open 

2.  open 

3.  close 
4 •  open 
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Environmental  Pneudrauiics  Branch  C3ABR42331-WB-207A 
Ch  mute  AFB,  Illinois 

BOMBER  AIR  CONDITIONING  SYSTEM  TROUBLESHOOTING 

OBJECTIVE 

Using  a  multimeter  and  wiring  diagram,  troubleshoot  the  cabin  air 
conditioning  system  trainer,  locating  a  minimum  of  5  out  of  ,  troubles 
correctly. 

EQUIPMENT 

Trainer  3018,  Bomber  !Jr  Conditioning 
Multimeter 

PROCEDUI I 

1.  Remove  all  of  your  jewelry.  Report  to  the  lab  instructor  and 
inform  him  of  the  lesson  on  whicn  you  are  working.  The  instructor  will-' 
assign  you  to  a  t,   iner  and  provide  the  necessary  materials. 

2.  This  workbook  is  presented  in  two  sections.     Section  1  is  to 
familiarize  you  with  the  components  of  the  bomber  air  conditioning  system 
and  prepare  you  for  performing  the  operational  check  and  troubleshooting. 
Section  2  contains  the  steps  for  operational  checking  these  systems  and 
the  malfunctions  that  you  are  to  troubleshoot.    Perform  each  step  as 
directed  on  the  following  pages. 

Note:     Be  sure  you  signed  out  a  PSM-37  multimeter  and  (1)  pair  of 
alligator  leads  from  the  storage  locker. 
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SECTION  1.     BOMBER  AIR  CONDITIONING  SYSTEMS  COMPONENTS 


1.      Location  and  identification  of  system  components. 


a.      Using  the  trainer  and  the  illustration  in  figure  1,  locate  each 
of  the  numbered  items.    Write  the  name  of  each  of  these  numbered  items 
in  the  blank  spaces  below,    as  you  locate  each  component,  notice  the  check 
point  near  the  component  that  is  used  for  checking  the  electrical  circuitry. 

(1)  


(2)  

  j 


(3). 


(4) 


(5). 


(6) 


(8  ) 
(9) 
(10) 

(ID. 
(12) 


(13)  


(14) 


Compare  your  answers  to  th03e  on  the  following  page. 


Answers  to  location  and  identif ica  ion  step  la. 


(1 
(2 
(3 
(4 
(5 
(6 
(7 
(8 
(9 
(10 
(11 
(12 
(13 
(14 


#1  and  #4  Strut  Bleed  Valve. 
#3  Strut  Bleed  Valve. 
Body  Crossover  Valve. 
Air  Conditioning  Shutoff  Valve. 
Hot  Air  Modulating  Valve. 
Pack  Ant i- ice  Valve. 
Ram  Air  Scoop. 
Temperature  Control  Box. 
Duct  Temperature  Sensor. 
Cabin  Temperature  Sensor 
Dump  Control  Valve. 
Altitude  Pressure  Switch. 
Landing  Gear  Squat  Switch. 
Anti-ice  Sensor  Rheostat. 


b.      Using  the  trainer  and  figure  2,  locate  each  of  the  numbered 
items.    Write  the  names  of  each  item  in  the  blank  spaces.    As  you  locate 
the  items  notice  the  check  point  for  checking  the  electrical  circuit. 

(1)  

(2)  

(3)  

(4)   

(5)  


Compare  your  answers  to  those  on  the  following  page. 


Figure  2. 
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Answers  to  location  and  Identification  step  lb 
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(1)  Temperature  Control 

(2)  Pressure  Release  Switch 

(3)  Bleed  Selector  Switch 

(4)  Manifold  Valve  Switch 

(5)  Cabin  Pressure  Master  Switch 

2.  Trainer  Preparation 

a.  Place  all  trouble  switches  to  the  OUT  position.     These  switches 
are  located  at  the  left  end  of  the  trainer. 

b.  Place  the  following  switches  to  the  normal  positions  as  listed 
below. 

(1)  Cabin  Pressure  Master  Switch  OFF 

(2)  Manifold  Valve  Switch  CLOSED 

(3)  Bleed  Selector  Switch  NORMAI 

(4)  Temperature  Control  Switch  OFF 

(5)  Pressure  Release  Switch  RESET 

(6)  Landing  Gear  Squat  Switch  AIRBORN 

c.  Place  the  trainer  power  switch  to  the  ON  position.    This  switch  is 
located  on  the  upper  left  side  of  the  trainer. 

3.  Trainer  operation 

a.      During  the  following  steps  you  will  operate  each  component  of  the 
bomber  air  conditioning  system.     When  a  switch  is  actuated  be  sure  to  notice 
which  of  the  valves  operate  and  the  valve  position.    Actuate  each  switch  as 
directed.     From  your  observation  of  the  trainer  operation,  complete  each  of 
the  statements  by  circling  the  correct  word. 

STEP  1.      Bleed  air  for  engine  start  only 

(1)    Manifold  valve  switch  OPEN 

(a)     #1  and  #4  Bleed  valve  (energizes/deenergizes) 

Note:    Remember  this  step.     Since  we  do  not  hav?.  air  flow  through 
the  system  you  cannot  observe  the  operation  of  1  and  4  Strut  Bleed 
Vr"   ^s.    However,  you  can  check  to  determine  if  the  solenoid  is 
energized  as  follows:     Remove  the  AN  connector  by  unscrewing  it 
from  the  solenoid  valve.    As  you  remove  the  connector  you  should 
hear  an  audible  click  as  the  solenoid  is  deenergized.     Try  this 
several  times  to  be  sure  you  recognize  the  audible  sound  of  the 
solenoid  energizing  and  deenergizing. 
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(b)  Body  crossover  valve  (opens/closes) 

(c)  #3  Strut  bleed  valve  (opens/closes) 


(2)    Manifold  valve  switch  CLOSED 

(a)  #1  and  #4  Bleed  valve  (energizes/deenergizes) 

(b)  Body  crossover  valve  (opens/closes) 

(c)  #3  Strut  bleed  valve  (opens/closes) 


(3)     If  the  valve  or  valves  fail  to  operate,  it  indicates  a  defective 
valve (s)  or  an  open  electrical  circuit. 

STEP  2.      Cabin  air  conditioning  system 

(1)  Cabin  pressure  master  switch    7.45  or  4.50 

(a)  Body  cro3sover  valve  (opens/clc  es) 

(b)  «f3  Strut  bleed  valve  (opens/closes) 

(c)  Air  conditioning  shutoff  valve  (opens/closes) 

(2)  If  the  valve  or  valves  fail  to  operate,  it  indicates  a  defective 
valve (s)  or  an  open  electrical  circuit. 

STEP  3.      Cabin  temperature  control  system;  manual  operation 

(1)  Place  the  cabin  temperature  control  switch  to  MANUAL  COOLER. 
The  modulating  valve  (opens/closer) 

(2)  Place  the  CdbJn  temperature  control  switch  to  MANUAL  WARMER. 
The  modulating  valve  (c^  ns/cioses) 

(3)  If  the  modulating  valve  fails  to  operate  it  indicates  that 
the  valve  is  defective  or  there  if  an  open  in  t^e  28  VDC  electrical  circuit. 

STEP  4.      Cabin  temperature  control  system;  automatic  operation 

(1)  Place  the  cabin  temperature  control  switch  in  the  20°F 
position.     The  modulating  vai  e  (opens/closes) 

(2)  Place  the  cabin  :emperature  control  switch  in  the  100 3F 
position.     lb*  modulating  valve  (opens/closes) 

(3)  If  the  automatic  temperature  control  system  fails  to  operntSf 
this  indicates  an  open  in  the  118  VAC  power  circuit  to  the  controller. 
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STEP  5.      Bleed  selector  switch 

(1)  Place  the  bleed  selector  switch  to  the  emergency  position 

(a)  #3  strut  bleed  valve  (opens/closes) 

(b)  Body  crossover  valve  (opens/closes) 

(c)  Air  conditioning  shutoff  valve  (opens/closes/rem^ins 

the  same) 

(2)  Place  the  bleed  selector  switch  to  the  normal  position 

(a)  #3  strut  bleed  valve  (opens/closes) 

(b)  Body  crossover  valve  (opens/closes) 

(c)  Air  conditioning  shutoff  valv  .  (ope.is/closes/remains 

the  same) 

STEP  6.      Pressure  release  operation 

(1)    Place  the  pressure  release  switch  to  the  DUMP  position 

(a)  Cabi^  air  conditioning  shutoff  valve  (opens/closes/ 
remains  the  same ) 

(b)  Pressure  dump  control  valve  /olenoid  (energizes/deenergizes) 
\1)    Place  the  pressure  release  switch  to  the  RESET  position 

(a)  Cabin  air  conditioning  shutoff  valve  (opens/closes/remains 

the  same) 

(b)  Pressure  dump  control  valve  solenoid  (energizes/deenergizes) 

(3)  Place  the  cabin  pressure  master  switch  to  the  ram  position 

(a)  Cabin  air  conditioning  shutcff  valve  (opens/closes) 

(b)  Body  crossover  manifold  valve  (ooens/closes) 

(c)  Pressure  dump  control  valve  solenoid  (energizes/deenergizes) 

(d)  Ram  air  scoop  (opens/closet 

(4)  Place  the  cabin  pressure  master  switch  to  the  7.45  or  4.50 

position. 

(a)  Cabin  air  conditioning  shutoff  valve  (opens/closes) 

(b)  Body  crossover  manifold  valve  (opens/closes) 

(c)  Pressure  dump  control  valve  solenoid  (energizes/deenergizes) 

(d)  Ram  air  scoop  (opens/closes) 

(5)  Place  the  landing  gear  squat  switch  to  the  "Ground11  position 

(a)    Pressure  dump  control  valve  solenoid  (energizes/deenergizes) 

(6)  Place  the  landing  gear  sauat  switch  to  the  Airborn  position 
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(a)    Pressure  dump  control  valve  solenoid  (energizes/deenergizes) 


STEP  7.      PacR  anti- icing  system  operation 


Note:  The  anti-ice  sensor  rheostat,  located  near  the  water  separator 
is    used  to  simulate  a  temperature  change  around  the  sensor. 


position. 


(1)    Rotate  the  anti-icing  sensor  rheostat  to  the  full  clockwise 
(a)    Pack  anti-icing  valve  (opens/closes) 


(2)  Rotate  the  anti-iciag  sensor  rheostat  to  the  full  counter- 
clockwise position. 

(a)    Pack  anti-icing  valve  (opens/closes) 

Note:    The  altitude  switch,  located  in  tho  upper  right  portion  of 
the  trainer  is  used  to  simulace  altitudes  above  *nd  below  36,000 
feet. 

(3)  Place  the  altitude  switch  to  the  ABOVE  36,000  feet  position 

(a)  Pack  anti-icing  valve  (opens/closes) 

(b)  Water  separator  bypass  valve  solenoid  (energizes/deenergizes) 

(4)  Place  the  altitude  switch  to  the  BELOW  36,000  feet  position 

(a)  Pack  anti- icing  valve  (opens /closes) 

(b)  Water  separator  bypass  valve  solenoid  (energizes/deenergizes) 
COMPARE  THE  ANSWERS  THAT  YOU  HAVE  SELECTED  TO  THOSE  GIVEN  BELOW. 

\nswers  to  trainer  operation  statements. 
STEP  i.       (1)     energize  STEP  5. 


(1)  energize 
open 
open 


(2)  deenergizes 
close 
close 


(1)  opens 
closes 

remains  the  same 

(2)  closes 
opens 

remains  the  same 


STEP  2. 


STEP  3. 


STEP  4. 
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(i) 


open 

close 

open 


(1)  close 

(2)  open 

(1)  close 

(2)  open 
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STEP  6:       (1)     remains  the  same 
energise 

(2)  remains  the  same 
deenergize 

(3)  closes 
closes 
energize 
open 

(4)  open 
opens 

deenergize 
closes 

(5)  energize 

(6)  deenergize 


STEP  7:       (1)  close 

(2)  open 

(3)  close 
energize 

(4)  open 
deenergize 
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CABIN  TEMPERATURE 
REGULATOR 


SLOW  FAST 
-DUCT  TEMP  SENSOR-^ 


L 


i         A  * 

R21 


P 


CABIN  SENSOR 

The  bridge  circuit  outside  the  cabin  temperature  regulator  it 
shown  above . 


TEMP CONTROL 


Note:  The  causes  for  a  "Full  Auto  Hot"  or  "Full  Auto  Cold" 
will  only  be  found  in  the  bridge  circuit. 


Figure  3. 
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4.      Sensor  Resistance 


a.  Knowing  the  normal  resistance  value  of  the  sensors  will  be 
helpful  when  troubleshooting.     This  is  determined  by  referring  to  the 
technical  order  or  by  measuring  a  sensor  that  is  known  to  be  good. 

b.  To  measure  the  resistance  of  the  cabin  and  duct  sensors, 
disconnect  the  lower  AN  connector  on  the  temperature  regulator  as  shown 
in  figure  3.    This  is  the  AN  connector  nearest  to  the  trainer.  In 
figure  3  the  AN  connector  if  shown  in  four  separate  illustrations; 

A,  B,  C,  and  D.     This  is  done  to  make  it  easier  for  you  to  see  how  to 
check  the  sensor  circuit.      Keep  in  mind  that  this  is  ONE  connector. 

Note:     When  checking  resistance  of  the  sensors,  make  sure  the 
trainer  power  is  off  and  you  have  the  meter  on  ohms.  When 
checking  the  cabin  sensor,  set  your  range  selector  to  RX100  and 
when  checking  the  duct  sensor,  set  your  range  selector  to  RX10. 
Be  sure  you  zero  you-  meter  before  making  any  resistance  checks. 

c.  Illustration  A  in  figure  3  shows  where  to  connect  the  meter 
for  reading  cabin  sensor  resistance.     Check  this  resistance.  Record 
the  reading  in  the  space  below.     Using  illustrations  B  and  C,  measure 
the  resistance  of  the  duct  sensor.    Record  your  readings  in  the  spaces 
below. 

CABIN  SENSOR  resistance   

SLOW  DUCT  SENSOR  resistance 
FAST  DUCT  SENSOR  resistance 

d.  Ask  the  lab  instructor  for  the  ambient  temperature.   "f. 

e.  Now  that  ycu  have  completed  your  sensor  resistance  check, 
you  need  to  determine  if  the  resistance  is  correct.    Normally  this 

is  done  by  referring  to  temperature-resistance  graphs  ^n  the  applicable 
aircraft  technical  order.     However,  we  have  reproduced  these  graphs 
for  you  to  use.    Figure  4  is  the  temperature-resistance  graph  for  the 
cabin  sensor  and  figure  5  is  the  temperature-resistance  graph  for  the 
duct  sensor.    Using  these  graphs,  determine  if  your  sensor  resistance 
readings  are  correct. 


ohms, 
ohms, 
ohms. 
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P  0  10  20  30  40  50  60  70  80  90  100  110 
QT  -18  -12    -7    -1      4     10    16     21     27    32     38  43 

TEMPERATURE 


Figure  4.     Cabin  Temperature  Sensing  Element  Resistance. 

f.      Instructions  for  using  the  CABIN  temperature  sensor  resistance 
graph. 

Locate  the  vertical  lines  for  ambient  temperature.     Follow  this  line 
up  to    here  it  meets  the  minimum  line.    Then  follow  the  horizontal 
lines  to  the  left  to  determine  the  resistance  in  OHMS.    The "measured 
resistance  should  be  within  this  range. 

EXAMPLE:     If  the  temperature  is  64 °F  then  the  resistance  should  be 
between  1500  and  1875  ohms. 
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Locate  the  vertical  lines  for  ambient  temperature.     Follow  this  line 
up  to  where  it  meets  the  minmum  line.     Then  follow  the  horizontal  lines 
to  the  left  to  determine  the  resistance  in  OHMS.    The  measured  resistance 
should  be  in  this  range.     The  fast  and  slow  sensors  should  be  the  same. 

EXAMPLE:     If  the  temperature  is  70°F,  then  the  resistance  should  be 
between  96  and  114  OHMS. 
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5.      Rheostat  Resistance 


a.  Illustration  D  in  figure  3  shows  the  pin  connections  for  checking 
the  temperature  control  rheostat.    Place  the  meter  leads  in  pins  J  and  I, 
then  rotate  the  temperature  control  rheostat  from  20°f  to  100°f.    The  pointer 
on  the  meter  will  move  from  left  to  right  indicating  that  the  temperature 
control  rheostat  is  operating  properly. 

b.  Set  the  temperature  control  rheostat  at  70°f.    Read  the  resistance 
and  record  your  reading  below. 

Temperature  control  rheostat  resistance    ohms. 

c.  You  should  have  read  between  300  and  500  ohms. 

Note:     If  your  readings  were  all  correct,  then  continue  to  the 
operational  check.     If  your  readings  were  incorrect,  then  ask 
the  instructor  for  assistance. 

SECTION  2.     BOMBER  AIR  CONDITIONING  SYSTEM 
OPERATIONAL  CHECK  AND  TROUBLESHOOTING 

OPERATIONAL  CHECK 

1.  The  steps  that  you  performed  in  paragraph  3a  of  Section  1  involved 
operating  each  component  in  the  bomber  air  conditioning  system.  They 
determined  if  each  component  was  operating  properly  and  are  called  operational 
checks . 

2.  Chart  1  on  the  next  page  formalizes  the  procedures  for  performing 
operational  checks  in  outline  form.     To  insure  that  you  ara  familiar 

with  this  procedure,  turn  the  trainer  power  switches  ON  and  perform 
each  of  the  steps.    After  you  are  sure  you  understand  the  operational 
check  procedure,  then  continue  to  the  troubleshooting  part  of  this  lesson. 
You  will  be  required  to  perform  a  complete  operational  check  for  each 
trouble. 
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Positioning  the  control  device 

Operating  Valve 

Valve  Position 

• 


Manifold  Valve  switch  OPEN  All  Bleed  Valves  OPEN 


Manifold  Valve  switch  CLOSED 

All  Bleed  Valves 

CLOSED 

Cabin  pressure  master  switch 
7.45  or  4.50  position 

Body  crossover  valve 
Air  conditioning  shutoff 
valve 

OPEN 
OPEN 

Place  the  temperature  control 
switch  to  MANUAL  COOLER 

Modulating  valve 

CLOSED 

Place  the  temperature  control 
switch  to  MANUAL  WARMER 

Modulating  valve 

OPEN 

Place  the  temperature  control 
to  AUTO  20*F 

Modulating  valve 

CLOSED 

Place  the  temperature  control 
to  AUTO  100* F 

Modulating  valve 

OPEN 

Place  bleed  selector  to  the 
EMERGENCY  position 

£3  strut  bleec*  valve 
Body  crossover  valve 

OPEN 
CLOSED 

Place  bleed  selector  to  the 

WfiPM AT    nna 4  t+ on 

#3  strut  bleed  valve 
Body  c  ros sove v  va 1 ve 

CLOSED 
Urt»W 

Place  the  pressure  release 
switch  to  DUMP 

Pressure  dump  control  valve 

ENERGIZE 

1 

Place  the  pressure  release 
switch  to  RESET 

Pressure  dump  control  valve 

DEENERGIZE , 

Place  the  cabin  pressure  master 
switch  to  RAM 

Air  conditioning  shutoff  valve 
Pressure  dump  control  valve 
Ram  air  scoop 

CLOSE 

Energize 

OPEN 

Place  the  cabin  pressure  master 
switch  to  7.45  or  U  50 

Air  conditioning  shutoff  valve 
Prpsflurp  Hinrm  control  vaIvp 
Ram  air  scoop 

OPEN 

DEFNFRGIZE 
CLOSE 

Place  landing  gear  squat  switch 
to  GROUND  position 

Pressure  dump  control  valve 

Energize 

Place  landing  gear  squat  switch 
to  AIRBORN  position 

Pressure  dump  control  valve 

Deenergize 

Rotate  sensor  rheostat  full 
CLOCKWISE 

Pack  anti-icing  valv* 

CLOSE 

Rotate  senior  rheostat  full 

COUNTERCLOCKWISE  Pack  anti-icing  valve  OPEN 


Place  altitude  switch  to 

ABOVE  36,000  feet  Pack  anti-icing  valve  CLOSE 


Place  altitude  switch  to 

BELOW  36,000  feet  Pack  anti-icing  valve  OPEN 


Chart  1.    Operational  Check  Procedure  Chart. 
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Troubleshooting 


1.  For  each  trouble,  perform  an  operational  check  to  deter- 
mine the  malfunctioning  component.    After  you  determine  the  malfunction, 
then  place  a  statement  in  the  "discrepancy11  block  of  the  attached 
troubleshooting  answer  sheet,  that  describes  the  malfunction. 

2.  Using  a  waxed  pencil,  trace  the  electrical  circuits  that 
operate  or  control  the  malfunctioning  component. 

3.  Use  the  multimeter  to  locate  the  cause  of  the  trouble. 

Note:    When  measuring  voltage,  be  sure  the  meter  is  set  to  the 
correct  voltage  range.    Make  sure  that  you  have  the  negat* /e  (black) 
lead  to  ground.    Ground  on  the  trainer  is  located  to  the  left  of  the 
AN/PSM-6  multimeter  bracket.    When  checking  the  manual  control 
system,  be  sure  to  hold  the  temperature  control  switch  to  either 
cooler  or  warmer.    When  measuring  resistance,  be  sure  the  trainer 
power  switch  is  OFF,  and  the  meter  is  set  at  ohms.    Use  the  OHM 
portion  of  the  multimeter  only  to  check  sensors  and  their  circuits. 

4.  Record  the  cause  of  the  trouble  in  the  corresponding  cause 
block  of  the  troubleshooting  answer  sheet. 

5.  The  trouble  switch  that  you  are  to  use  for  each  problem  is 
listed  on  the  top  line  of  the  discrepancy  block.    There  are  17  problems 
for  you  to  troubleshoot.    We  will  go  through  number  1  to  show  you  how 
to  arrive  at  the  correct  answer. 

Note:    During  this  exercise  you  will  not  use  trouble  switches 
numbered  2,  13,  17.    Since  this  trainer  does  not  have  check 
points  for  the  valves,  it  will  be  necessary  to  remove  the 
electrical  connector  from  the  components  in  order  to  check  for 
power  with  your  meter. 

TROUBLE  NUMBER  1 

1.  Place  number  1  trouble  switch  to  the  IN  position. 

2.  Ferform  an  operational  check,  using  the  operational  check 
procedure  chart. 

3.  As  you  went  through  the  operational  check  you  found  that  the 
air  conditioning  shutoff  valve  did  not  open.    This  means  that  no 
conditioned  air  was  available  when  the  master  switch  was  put  to  the 
7.45  or  4.50  position.    Make  the  following  statement  in  the  dis- 
crepancy block  of  the  troubleshooting  answer  sheet  for  trouble 
switch  No .  1. 

f,Air  conditioning  shutoff  valve  will  not  open  when  the  master 
switch  was  put  in  the  7.45  or  4.50  position. " 

4.  The  first  step  would  be  to  determine  which  valve  or  valves 
would  give  you  this  condition.    Moving  the  cabin  pressure  master  switch 
to  the  7.45  or  4.50  position,  the  cabin  air  conditioning  shutoff 

valve  should  have  moved  to  the  OPEN  position,  but  you  will  notice  that 
it  does  not.    Trace  the  circuit  that  would  be  affected. 
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5.  When  tracing  the  circuit  you  will  notice  that  it  requires 
118  VAC  to  operate  the  cabin  air  conditioning  shutoff  valve.  Check 
the  AC  power  with  the  multimeter.    Make  sure  yovr  meter  is  set  for 
the  correct  voltage.    Your  first  check  on  the  trainer  will  be  at 
P-1772  point  "G."    You  should  read  118  VAC.     Second,  you  check  at 
point  J  on  P-1773,  you  should  read  118  VAC.    Now  remove  the  electrical 
connector  from  the  cabin  air  conditioning  shutoff  valve.     Check  voltage 
at  pin  "B."    You  will  notice  that  there  is  no  voltage  at  this  point. 
This  would  mean  that  you  have  an  OPEN  in  wire  H11B20V. 

6.  Record  your  findings  in  the  cause  block  of  the  troubleshooting 
answer  sheet.     Open  in  wire  H11B20V. 

7.  See  your  instructor. 
Note:     OMIT  PROBLEMS  2,  13,  17. 
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BOMBER  AIR  CONDITIONING  SYSTEM  WIRING  DIAGRAM 

OBJECTIVE 

Using  a  wiring  diagram,  specify  causes  for  the  air  conditioning  system 
troubles  attaining  a  minimum  of  48  out  of  60  possible  points. 

EQUIPMENT 

Colored  Pencil  Set 

INSTRUCTIONS 

Information  on  the  purpose  sid  operation  of  the  bomber  air  conditioning 
jytem  components  and  the  procedures  for  you  to  follow  ate  contained  in  this 
workbook. 

Pay  close  attention  to  all  instructions  that  are  given  to  you  in  this 
workbook.    When  tracing  circuits  or  answering  questions  in  this  workbook,  if 
your  response  is  incorrect,  restudy  the  information  and  ask  questions  of  the 
instructor.    There  are  five  exercises  in  this  workbook.    Each  has  to  do  with 
a  different  circuit*    Unfold  and  refer  to  figure  1  located  in  the  back  of  this 
workbook.    The  circuits  you  are  to  trace  are  listed  on  page  14.    The  color 
code  you  kre  to  use  for  tracing  each  circuit  is  shown  in  the  block  bafore 
each  circuit.    The  wiring  diagram  used  in  this  project  is  the  same  one  you 
will  use  for  troubleshooting  this  system  on  the  trainer.     If  you  don't 
understand  the  circuit  after  tracing »  check  with  the  instructor* 

Note:     In  this  diagram  we  are  tracing  current  from  the  circuit 
breakers  to  the  component's  ground.    Tt'a  is  not  the  way  current 
flows,  but  it  is  the  easiest  because  of  so  n>*ny  ground  points  in 
the  diagram.    Actually  this  is  the  opposite  of  electron  flow. 
REMEMBER  this  note  when  using  any  wiring  <Hagram. 

Section  1.    BOMBER  AIR  CONDITIONING  SYSTEM  WIRING  DIAGRAM 

This  lesson  is  cn  the  Bomber  Air  Conditioning  System  Wiring  Diagram* 
Following  the  instructions  in  thi^  workbook,  you  will  use  rigure  1  in  the 
back  of  this  workbook,  to  trace  out  the  electrical  circuit':  of  the  bomber 
air  conditioning  system. 


Supersedes  C3ABR42331-WB-  207 f  5  December  1983 
OPR:    3370  TCHTG 
DISTRIBUTION:  X 
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TRACING  POWER 

Remove  figure  1  from  your  workbook.    Using  your  purple  pencil,  trace  the 
power  circuits  of  the  bomber  air  conditioning  system.    Start  with  tl.e  cabin 
emergency  ram  air  control  c'rcuit  breaker  located  at  the  upper  left  corner  of 
the  circuit  diagram.    From  there,  trace  current  flow  over  wire  H1A20  to  pin  E 
on  connector  P-1772.    Then  current  flows  from  pin  E  of  P-1772  to  contact  lever 
(1)  of  the  cabin  pressure  master  switch  and  stops.    Before  continuing,  let's 
discuss  the  cabin  pressure  master  switch.    All  the  sections  (1  through  6) 
shown  on  the  diagram  are  part  of  the  one  cabin  pressure  master  switch  located 
in  the  cockpit.    This  switch  is  called  a  wafer  switch.    As  you  can  see  by  the 
dotted  line,  all  sections  are  linked  together.    This  dotted  line  represents 
the  shaft  which  goes  through  the  center  of  the  switch  and  on  which  the  contacts 
are  mounted.    Therefore,  when  '>ne  of  the  contact  levers  is  moved  to  a  certain 
position,  all  of  the  levers  move  to  the  same  respective  position.    This  cabin 
pressure  master  switch,  with  its  four  positions —  ram,  off,  7.45,  and  4.50, 
is  used  to  direct  the  current  to  the  various  valve  motors  and  relays  used  to 
control  the  engine  bleed  air,  cabin  pressurization,  and  air  conditioning  systems. 

Now,  let's  return  to  tracing  the  power  circuits.    Move  over  to  the  118  VAC 
circuit  breaker — it  is  located  in  the  upper  middle  section  of  the  diagram  to 
the  left  of  the  ram  airscoop  relay.    Current  flows  from  the  circuit  breaker 
over  wire  H1E20V  to  the  contact  lever  on  the  ram  airscoop  relay.    Next,  move  to 
the  No.  1  and  No.  4  bleed  valve  circuit  breaker  located  at  the  left  side  of  the 
diagram. 

This  circuit  breaker  is  labeled  right  TR  bus,  struts  1  and  4  bleed  valves. 
The  TR  stands  for  transformer  rectified.    This  means  the  voltage  is  28  VDC. 
Continuing  with  your  purple  pencil,  trace  the  path  of  current  flow  from  the 
circuit  breaker  over  wire  H2A20  to  the  top  contact  lever  of  the  manifold  valve 
switch  and  stop.    Note:    The  manifold  valve  switch  has  three  contact  levers. 

Continuing  down  the  bus  bar,  trace  current  from  the  struct  No.  3  and  body 
crossover  valves  circuit  breaker  on  wire  H3A20V  to  the  middle  and  bottom  contact 
levers  of  uhe  manifold  valve  switch  and  step. 

ow  move  to  the  cabin    *t      aditioning  shutoff  valve  circuit  breaker, 
labeled  118  VAC.    Current  from  the  circuit  breaker  over  wire  H9A20V  to 

pin  G  on  connector  P-1772.    Current  then  continues  on  wire  H9B20V  to  the 
contact  lever  (4)  of  the  cabin  pressure  master  switch. 

Next,  move  bark  to  the  cfbin  air  conditioning  controller  circuit  breaker 
marked  right  TR  1  *s.    Once  again,  this  means  28  VDC  is  used  for  this  circuit. 
From  this  circuit  breaker,  current  flows  over  wire  H12A20  and  H14A20  to  nin  C 
on  connector  P-1771.    Current  "taps  ofi"  this  wire  between  the  circuit  breaker 
and  connector  P-1771  and  flows  over  wire  H13A20  to  the  landing  gear  cr  **t 
relay  and  stops. 

Current  continues  from  pin  C  on  wires  H14B20  and  H14C20  to  the  contact 
lever  (5)  on  the  cabin  pressure  master  switch  and  stops.    Again,  current 
"taps  off"  this  wire  and  flows  down  the  bus  bar  to  wires  H15A20  and  H15B20. 
From  here,  current  flows  to  both  the  pressure  release  switch  on  wire  H15A20  and 
to  the  cabin  pressure  master  switch  contact  lever  6  on  wire  H15B20  and  stops. 
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Now  we  move  down  to  the  cabin  air  conditioning  temperature  regulator 
circuit  breaker  marked  118  VAC.    Current  flows  from  here  over  wire  H21A20V 
to  point  A2  on  the  temperature  control  relay  and  stops.    Your  next  power 
circuit  is  from  the  3-phase  circuit  breakers  marked  118/205  VAC  located  in 
the  lower  left  portion  of  the  diagram.    There  are  three  of  these  circuit 
breakers.    Current  flows  from  each  one  to  points  B2,  C2,  and  D2  on  the  open 
relay  and  stops. 

Now  that  you  have  traced  in  your  power  circuits ,  you  are  ready  to  find 
out  how  the  system  operates* 

Exercise  1 

Fill  in  the  blanks. 

1-      The  bomber  air  conditioning  and  pressurization  electrical  systems  utilize 
t>oth  and  current. 

2.  The  cabin  pressure  master  switch  has   sections  and   

positions. 

3.  The  four  positions  of  the  cabin  pressure  master  switch  are  _____  > 

»  i  and   • 

4.  Current  from  a  circuit  breaker  marked  TR  BUS  is  current. 

5.  When  one  contact  lever  of  the  cabin  pressure  master  switch  is  moved  to  a 
certain  position,  they  al1  move  to  the  . 

6.  Struts  1  and  4  bleed  valves  require    (28  VDC/118  VAC)  for 

operation. 

7.  The  manifold  valve  switch  has    contact  levers. 

8.  Current  for  operating  the  cabin  air  conditioning  system  is  controlled  by 
the   switch. 

9.  Current  used  for  operating  the  cabin  air  conditioning  shutoff  valve  is 
  (28  VDC/118  VAC). 

Check  with  your  instructor  for  the  correct  answers. 
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Section  2.    ENGINE  START  CIRCUITS  TRACING 

Remember,  the  engines  must  be  operating  before  you  can  have  a  source 
of  bleed  air  for  normal  operation  of  the  air  conditioning  and  pressurization 
systems.    Use  your  RED  pencil  to  trace  the  engine  start  circuits. 

To  begin,  find  the  manifold  valve  switch  on  figure  1  and  draw  the  three 
contact  levers  of  the  switch  to  the  up  or  open  position.    After  this  is  done, 
you  should  notice  that  nower  is  removed  from  wires  H8A20V  and  H6A20V.  This, 
in  turn,  removes  power  from  two  sections  of  the  cabin  pressure  master  switch, 
sections  2  and  3.    With  the  contact  levers  up,  current  flows  across  the  top 
lever  and  over  wire  H2B20  ro  both  number  1  and  4  strut  bleed  valves.  Although 
these  are  air  pressure  actuate i  valves,  they  are  controlled  by  a  solenoid. 
This  means  the  valves  are  actually  moved  by  air,  but  the  solenoid  controls 
the  air  applied  to  the  valve. 

As  you  can  see,  it  takes  both  air  pressure  and  28  VDC  to  open  these  valves. 
Now,  let's  continue  with  the  next  part  of  the  engine  starting  circuit.  Current 
flows  across  the  middle  contact  levers,  over  wire  H4A20V  to  pin  B  on  connector 
P-1772.    From  here,  current  flows  along  wire  H4B20V,  through  the  bleed  selector 
switch,  which  is  in  the  normal  or  down  position,  and  out  this  switch  on  wire 
H5C20V  to  pin  H  on  connector  P-1773,    From  pin  H  on  connector  P-1773,  current 
flows  along  wire  H5E20V  to  pin  B  on  the  body  crossover  manifold  valve •  It 
continues  through  the  valve  motor  and  out  pin  C  on  wire  H42A20N  to  ground. 
This  valve  will  run  open,    ^o  to  the  bottom  contact  lever  of  the  manifold  valve 
switch.    Current  flows  along  wire  H7A20V  through  the  connectors  and  over  to  pin 
B  on  the  strut  number  3  bleed  valve  out  pin  C  to  ground.    You  now  have  number  1 
and  4  strut  bleed  valves  open,  the  body  crossover  manifold  va3v  open,  strut 
number  3  bleed  valve  open,  and  you  are  ready  to  scart  the  eng    as.    Take  a  good 
look  at  the  circuits  you  have  traced  so  far.    You  can  see  that  you  are  ready  to 
operate  the  air  conditioning  system  from  engine  bleed  air. 

NORhAL  SOURCE  OF  AIR  CONDITIONING 

Now,  use  your  green  pencil  to  trace  the  normal  course  of  air  circuit. 
First,  draw  the  manifold  valve  switch  to  the  closed  position.    This  closes  all 
strut  bleed  valves  until  air  is  needed  for  the  air  conditioning  system,  but 
furnishes  current  to  open  either  the  strut  2  or  strut  3  bleed  air  valves, 
depending  on  the  position  of  the  b]eed  selector  switch  and  cabin  pressure  master 
switch. 

Next,  draw  the  bleed  selector  switch  to  the  normal  position  and  all  of  the 
six  sections  of  the  cabin  pressure  master  switch  to  the  7.45  position.    With  the 
manifold  valve  switch  in  the  closed  position,  no  current  flows  fronr  the  top 
contact  to  the  struts  1  and  4  bleed  valves.    Current  flows  from  the  middle 
contact  lever  of  the  manifold  valve  switch  over  wire  H6A20V  to  pin  C  c  .  connector 
P-1772.    From  here,  current  flows  over  wire  H6B20V  through  the  cabin  pressure 
master  switch  contact  2  and  out  on  wire  H6D20V  to  the  top  contact  lever  cn  the 
bleed  selector  switch. 

Current  flows  over  wire  H5C20V  to  pin  H  on  connector  P-1773.    From  here, 
it  flows  over  wire  H5E20V  to  pin  B  on  the  body  crossover  manifold  valve. 
Current  continues  through  the  valve  motor  and  out  pin  C  on  wire  H42A20N  to 
ground.    As  you  can  see,  this  valve  will  run  open. 
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Going  back  to  the  bottom  contact  on  the  manifold  valve  switch,  current 
flows  over  wire  H8A20V  to  pin  D  on  connector  P-1772. 

Current  continues  on  wire  H8B20V  and  then  H8C20V,  then  on  to  the  bottom 
contact  of  the  bleed  selector  switch.    Because  you  are  still  in  normal  air 
source,  curreut  flows  over  wire  H8D20V  to  pin  A  of  connector  P-1772.  From 
there,  current  flows  over  wire  H8E20V  to  pin  A  on  strut  number  3  bleed  valve. 
Current  continues  through  the  valve  motor  and  out  on  pin  C  on  wire  H45A20N 
to  ground.    This  will  run  the  valve  closed.    Moving  down  to  the  next  section 
of  the  cabin  pressure  master  switch,  section  4,  the  current  flows  over  wire 
H11A20V  to  pin  J  on  connector  P-1773.    From  here,  current  flows  along  wire 
H11B20V  to  pin  B  on  the  cabin  air  conditioning  shutoff  valve.  Curient 
continues  through  the  valve  motor  and  out  pin  C  on  wire  H46A20N  to  ground. 
As  you  can  see,  this  valve  will  now  run  open.    On  the  next  section  of  the 
catin  pressure  master  switch,  section  5,  you  see  that  current  CANNOT  flow 
anywhere  in  the  7.45  position. 

The  sixth  and  last  section  of  the  cabin  pressure  master  switch  has  current 
flowing  in  two  directions.    First  current  can  flow  over  wire  H19A20  to  pin  A 
on  connector  P-1839.    Current  then  flows  over  wire  H19B20  and  supplies  power 
to  the  temperature  selector  switch,  located  on  the  temperature  control  panel. 
This  switch  is  shown  in  the  off  position  so  no  current  flows  at  this  time. 
The  second  way  current  flows  from  the  master  switch  section  6  is  along  wire 
H20A20,  through  pin  B  on  connector  P-17  71,  and  on  wire  H20B20  to  energize 
the  temperature  control  relay.    With  this  relay  energized,  the  contact 
lever  move*  up  and  current  flows  from  point  A2  to  Al.    From  Al,  current  can 
go  in  two  directions.    First,  current  flows  along  wire  ri21C20V  to  pin  V  on  the 
anti-ice  controller.    The  other  way  power  flows  is  along  wire  H21B20V  down  to 
pin  A  on  the  cabin  temperature  regulator,  where  it  supplies  power  to  energize 
the  relays  in  the  control  box.    This  completes  the  tracing  of  the  normal  source 
of  air  circuits  with  the  green  pencil,  and  you  can  see  the  proper  valves  are 
open  for  normal  source  of  air  for  air  conditioning.    The  body  crossover  manifold 
valve  and  air  conditioning  shutoff  valve  are  open  and  struts  1  through  3  and  4 
are  closed.    Also,  during  this  tracing,  you  have  supplied  power  to  the  temperature 
control  and  anti-ice  systems. 

Exercise  2 

Fill  in  the  blanks  to  complete  the  following  statements. 
1.      The  manifold  valve  switch  is  placed  in  the  open  position  for   


Swruts  1  and  4  bleed  valves  are  electrically  controlled  by  a   

and  actuated  by  . 

3.      The  cabin  pressure  master  switch  is  in  the    (on/off)  position  when 

starting  the  aircraft  engines. 
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4. 


(normal/emergency)  source  and  strut  3  is  the 


Strut  2  is  the 


  (normal/emergency)  source  of  bleed  air  for  the  air  conditioning 

and  press         tion  system. 


5.  For  normal  operation  of  the  cabin  air  conditioning  system,  the  manifold 

valve  switch  is  in  the    (open/close)  position,  the  cabin  pressure 

master  switch  in  the    (RAM/OFF/7.45/4.50)  position  and  the  bleed 

selector  switch  in  the    (normal/emergency)  position. 

6.  If  wire  number  H11B20V  were  open,  the  cabin  air  conditioning  shutoff 

valve  would  not   (open/close)  when  the  cabin  pressure  master 

switch  is  placed  in  7.45  or  4.50  position. 

7»      The  cabin  air  conditioning  shutoff  valve  is  actuated  by  a   

  (118  VAC/28  VAC)  motor. 

8.      The  cabin  air  conditioning  shutoff  valve  closes  normally  in  ram,  and  off, 
but  failed  to  open  for  normal  air  conditioning.     This  could  be  caused  by 


an  open  in  wire  number  H11B20V  or 


Check  with  your  instructor  for  the  correct  answers. 

Section  3.    EMERGENCY  SOURCE  OF  AI**;  CIRCUITS 


Use  the  yellow  pencil  to  trace  the  emergency  source  of  air  circuit. 
Before  you  begin  to  trace  this  circuit,  draw  the  contact  levers  of  the  bleed 
selector  switch  up  to  the  emergency  position.    This  is  the  only  switch  that 
changes  yositi"  s.    Current  flows  over  the  top  contact  of  the  bleed  selector 
switch  alorg  wii.e  H4D20V  to  pin  G  of  connector  P-1773.    It  continues  from  pin 
G  along  wire  H4E20V  to  pin  A  on  the  body  crossover  manifold  valve.  Current 
continues  through  the  valve  motor  aad  out  pin  C  on  wire  H42A20N  to  ground. 
This  valve  will  now  run  closed.    Also,  current  flows  over  the  bottom  contact 
lever  of  the  bleed  selector  switch  on  wire  H7E20V  Ic  pin  M  on  connector  P-1772. 
Now,  power  flovs  from  pin  M  of  connector  P-17  72  on  wire  H7C20V  to  pin  B  on 
strut  number  3  bleed  valve.    Current  continues  through  the  valv*  motor  and  out 
pin  C  on  wire  H45A20N  to  ground.    This  valve  will  now  run  open.    You  now  have 
the  body  crossover  manifold  valve  closed  and  strut  3  bleed  valve  open.    This  is 
the  emergency  source  of  air  for  air  conditioning  and  pressurization. 


fection  4.    RAM  VEHT  CIRCUIT 


ERLC 


Now,  use  the  black  pencil  to  trace  the  ram  vent  circuit.    Draw  all  six 
contacts  of  the  cabin  pressure  master  switch  tt  the  ran  position.    All  other 
switches  will  be  in  the  normal  positions.    This  means  the  manifold  valve 
switch  is  in  the  closed  position  and  the  blrted  celector  switch  is  in  aormal. 
Starting  with  the  top  section  of  the  cabin  pressure  master  switch,  current 
flows  through  the  top  contact,  over  wire  H1C20,  through  pin  A  on  connector 
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P-1773,  continues  on  through  the  ram  air scoop  relay,  and  out  wire  H40A20N  to 
ground.    This  energizes  the  relay  and  pulls  the  contact  lever  up  to  make 
contact  with  point  A3.    Then,  power  from  the  118  VAC  circuit  breaker  flows 
over  H1G20V  to  pin  B  on  the  retractable  ram  airscoop.    Current  continues 
through  the  scoop  motor  and  out  pin  C  on  wire  H41A20N  to  ground.    This  now 
runs  the  scoop  open.    As  you  can  see,  when  the  ram  airscoop  relay  is 
deenergized,  current  would  flow  over  wire  H1F20V  to  close  the  scoop. 
Move  down  to  the  second  section  of  the  master  switch.    You  can  see  that 
current  flows  the  entire  length  of  wires  H4D20V  and  H4E20V  through  the 
body  crossover  manifold  valve,  closing  the  valve.    For  the  third  portion 
of  th^  master  switch,  you  can  see  that  current  flows  the  complete  length 
of  wires  H8D20V  and  H8E20V  through  the  strut  number  3  bleed  valve,  closing 
the  valve.    With  the  fourth  section  of  the  switch  current  flows  over  wire 
H10A20V  to  pin  K  of  P-1773  and  from  pin  K  to  the  closed  side  of  the  cabin 
air  conditioning  shutoff  valve,  closing  this  valve.    Section  five  of  the 
master  switch  directs  current  over  wire  H17B20  to  pin  V  of  P-1770  and 
from  pin  V  along  wire  H17C20  to  pin  B  of  the  pressure  dump  control  valve. 

This  will  dump  cabin  pressure  allowing^ ram  air  to  ventilate  the  cabin. 
Section  6  removes  power  from  the  temp«ature~cbntrol  circuit  and  that  is 
all  it  docs.    This  completes  the  ram  air  vent  circuit.    The  ram  airscoop 
is  open  and  all  other  values  are  closed.    Also,  note  that  if  the  air 
conditioning  system  is  on  and  you  need  to  dump  pressure  immediately,  you 
could  put  the  pressure  release  switch  to  dump  and  this  would  supply  power 
to  tht  pomp  control  valve  to  dump  cabin  pressure.    Review  the  circuits  you 
have  traced  on  the  diagram  to  this  point.    If  you  have  any  questions,  consult 
the  instructor  now;  if  not  answer  the  questions  in  exercise  3  below. 

Exercise  3 

Fill  in  the  blanks  to  complete  the  following  statements. 

1.  With  the  bleed  selector  switch  in  emergency  and  all  other  switches  in 

normal,  the  body  crossover  manifold  valve  will   and  the 

strut  number  3  bleed  valve  will  

2.  Bleed  air  for  emergency  air  conditioning  and  prassurization  is  taken 
from  bleed  valve. 

3.  An  open  in  wire  H8E20V  would    ^use  the  strut  number  3  bleed  valve  to 
remain  in  the   topen/close)  position. 

4.  The  retractable  ram  airscoop  remained  open  after  the  cabin  pressure 
master  switch  was  placed  to  an  air  conditioning  position;  this  could  be 

caused  by  an  open  in  wire   


If  wire  H47A20N  were  open  the  pressure  dump  control  valve  solenoids 
would  remain   (energized/deenergized) . 
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6. 


During  operation  of  the  air  conditioning  system  in  normal  there  is  no 


airflow  from  the  outlets;  this  could  be  caused  by  a  defective 


 ,  valve  or  

,  valve. 

7.  If  the  air  conditioning  system  fails,  

is  used  to  ventilate  the  cabin. 

8.  When  the  cabin  pressure  master  switch  is  in  the  ram  position,  the 

 _____  .  will  energize  to  open  the 

retractable  ram  air scoop. 

9.  The  body  crossover  manifold  valve  controls  the  flow  of  engine  bleed 
air  from  strut  number   . 

10.    The  switch  used  to  select  normal  and  emergency  operation  is  the 
 switch. 

Check  with  the  instructor  for  the  correct  answers. 

Section  5.    AUTOMATIC  COLD  CIRCUIT 

The  next  circuit  you  trace  is  the  automatic  cold  circuit.  However, 
before  tracing  this  circuit,  you  need  to  understand  some  information  about 
the  automatic  operation.    This  information  pertains  to  both  automatic  hot 
and  cold.    During  this  discussion,  do  not  trace  the  parts  cf  the  circuits. 
Refer  to  figure  1.    The  first  item  is  the  temperature  selector,  located  on 
the  temperature  control  panel.    This  unit  is  a  variable  resistor  and  has  a 
positive  coefficient  effect  on  the  circuit,  which  means  a  short  will  call 
for  hot  and  an  open  will  call  for  cold.    This  unit  is  connected  to  the  cabin 
temperature  regulator  by  wires  H25A  and  H26A  through  pins  I  and  J.  The 
next  unit  is  the  slow  part  of  the  duct  sensor.    This  part  is  connected 
to  pins  A  and  B  of  the  sensor  unit  and  connected  to  the  cabin  temperature 
regulator  through  wires  H27A  and  H32A  on  pins  C  and  E.    This  slow  element 
of  the  duct  sensor  has  a  positive  coefficient  of  resistance  but  will  react 
like  a  negative  coefficient  sensor  if  there  is  an  open  or  a  short  within 
the  slow  element  sensor.    This  means  an  open  will  call  for  hot  and  a  short 
will  call  for  cold.    This  is  just  the  opposite  of  the  fast  sensor  element 
which  has  a  positive  coefficient  o5  resistance.    The  fast  sensor  el*...  -nC 
is  connects  to  pins  D  and  Z  of  the  sensot  unit  and  C  and  F  of  the  cabin 
temperature  regulator  through  wires  H28A  and  H31A.    The  next  sensor,  which 
is  the  cabin  sensor,  has  a  negative  coefficient  of  resistance.    Once  again, 
this  means  a  short  will  call  for  cold  and  an  open  will  call  for  hot.  The 
cabin  sensor  connection  in  the  circuit  is  from  B  and  A  of  the  sensor  through 
wires  H29B  and  H30A  to  pins  C  and  D  of  the  cabin  temperature  regulator. 
When  the  pilot  uses  the  temperature  selector  to  select  a  desired  temperature 
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in  automatic,  the  sensors  will  maintain  this  temperature  by  controlling 
the  operation  of  the  air  conditioning  modulating  valve.    Now,  let's  trace 
this  circuit • 

TRACING  AUTOMATIC 

Use  your  orange  pencil  to  trace  this  circuit.     Place  the  temperature 
control  switch,  which  is  located  on  the  temperature  control  panel,  to  the 
auto  position.    Of  course,  you  know  the  cabin  pressure  master  switch  must 
be  in  either  the  7.45  or  4.50  position  to  get  temperature  control.  Current 
then  flows  to  both  the  warm  and  cold  contact  levers.    Because  we  are 
calling  for  cold,  the  cold  relay  energizes  and  current  flows  out  pin  G  of 
the  temperature  regulator.    Current  taps  off  wire  H23A  and  flows  to  pin  F 
op  the  air  conditioning  modulating  valve.    Current  flows  through  the 
modulating  valve  to  pin  G  on  conne  -or  P-1802.    Cui ^ent  energizes  the 
cold  relay.    This  action  pulls  th'   vhree  contact  levers  down  and  alternating 
current  from  the  three  circuit  br   .kers  flows  to  the  modulating  valve  to 
run  it  closed,  giving  you  cold  ai*.    This  completes  the  automatic  cold 
ot  ~ation  of  the  tetrnerature  control  system.    Since  automatic  warm  operates 
the  same  way  as  automatic  cold,  it  is  not  necessary  to  trace  that  circuit. 

If  you  have  any  questions  about  what  you  have  traced  so  far,  ask  your 
instructor  NOW. 

Section  6.    MANUAL  WARM  CIRCUIT 

You  will  use  your  blue  pencil  to  trace  this  circuit.    Place  the 
temperature  control  switch  to  the  manual  warm  position.    Current  now  fluws 
out  pin  F  of  the  temperature  control  panel  on  wire  H22B.    Current  taps  off 
wire  H22B  and  flows  to  pin  D  on  the  modulating  valve.    Current  continues 
through  the  valve  cutout  switch  and  out  pin  C,  then  on  to  pin  K  on  connector 
P-1802.    From  here,  current  flows  over  and  energizes  the  hot  relay.  This 
pulls  the  three  contact  levers  down  and  theu  alternating  current  from  the 
three  circuit  breakers  flows  to  the  modulating  va've  to  run  it  open  for 
warm  air.    This  concludes  the  tracing  of  the  manual  warm  circuits.  Keep 
in  mind  that  tb*  manual  cold  circuits  function  the  sawe  way. 

This  also  concludes  the  tracing  of  the  ci^uits  in  this  le$son. 
However,  let  s  touch  lightly  on  one  more  area  just  for  information 
purposes.    You  need  not  trace  the  circuit  unless  you  want  to.  The 
circuit  is  the  4.50  position  of  the  cabin  pressure  master  switch. 
This  position  is  used  to  change  the  anient  of  pressurizacion  only. 
This  energizes  a  solenoid  on  the  c*'  ^  pressure  regulator  to  change 
pressurization,  but  everything  else  operates  the  same  as  in  the  7.45 
position. 


If  you  have  any  questions,  see  your  instructor  NOW.    If  you  have 
no  questions  complete  exercise  4. 
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Exercise  4 


Use  figure  1  to  answer  the  following  questions.    Mark  only  the 
statements  that  are  true. 

  1«    When  the  pressure  release  switch  is  put  to  the  dump  position 

the  cabin  pressure  regulator  changes  pressurization  to  4.50  psi. 

  2.     In  emergency  the  body  crossover  valve  wi*!l  close  and  the  strut 

number  3  bleed  valve  will  optn. 

  3.    If  wire  H14A20  leading  from  the  cabin  air  conditioning  controller 

circuit  breaker  were  broken  there  would  be  no  temperature  control. 

  4.    With  the  manifold  valve  switch  open,  all  bleed  air  valves  are 

open  or  will  open  with  air  pressure. 

  5.    When  the  cabin  pressure  master  switch  is  placed  in  "ramM  the 

cabin  pressure  regulator  ret eives  power  to  dump  pressure. 

  6.    With  the  bleed  selector  switch  in  normal,  the  body  crossover 

manifold  valve  is  open  and  strut  number  3  bleed  valve  is  closed. 

  7.     If  the  cabin  air  conditioning  shutoff  valve  will  close  but  will 

not  open,  a  probable  cause  couLi  be  wire  H11B20V  being  broken. 

  8.    With  the  cabin  pressure  master  switch  in  the  "off"  position, 

the  cabin  air  condition  shutoff  valve  will  close. 

  9.     In  the  7.45  or  4.50  position  the  cabin  pressure  master  switch 

will  provide  power  to  BOTH  the  temperature  contiol  relay  and  the 
temperature  control  panel. 

 10.     If  the  manual  cold  wire  were  broken  at  pin  G  on  connector  P-712 

there  would  still  be  automatic  cold  operation. 

 lit    A  short  between  pin  D  and  pin  C  of  the  fast  duct  Sensor  will 

call  for  hot  air. 

 12.    The  strut  number  1  ani  number  4  bleed  valve  circuit  breaker 

also  provides  power  for  the  body  crossover  manifold  valve. 

 13.    All  the  cabin  pressure  master  switches,  shown  in  figure  1,  are 

mechanically  linked. 

 14.    The  4.50  position  of  the  master  switch  is  used  to  change 

pressurization* 

 15.    Above  36,000  feet  the  anti-ice  valve  is  closed  and  the  vater 

separator  bypass  valve  is  open. 

STOP  and  see  your  instructor.    Instructor's  Initials 


PRACTICE  EXERCISE 


In  the  following  practice  exericses  you  will  be  given  a  discrepancy. 
You  are  to  find  the  cause  and/or  causes  and  fill  in  the  blanks.  Problem 
//l  explains  the  proper  procedure  for  finding  the  causes.    If  you  have  any 
questions  during  the  practice  exercises  you  may  ask  your  instructor  for 
help. 

Problem  //l 

The  discrepancy  reads:    With  the  manifold  valve  switch  in  the  open 
position,  ctrut  ifl  bleed  valve  will  not  open.    First  you  must  determine 
the  circuit  for  strut  #1  valve.    Using  figure  1,  and  a  red  pencil,  start 
from  the  strut  number  1  and  4  bleed  valves  circuit  breaker  and  trace  over 
wire  H2A20  to  the  open  side  of  the  manifold  valve  switch,  over  wire 
H2B20  to  the  junction  of  wire  H2D20  and  H2C20.    As  you  car  see  an  open  in 
any  of  the  wires  we  have  traced  so  far  would  cause  both  number  1  and  4 
strut  bleed  valves  to  be  inoperative.    As  we  are  only  concerned  with  strut 
#1  bleed  valve,  using  a  blue  pencil  trace  over  wire  H2D20  through  trie  valve 
to  ground  over  wire  H43A20N.    As  you  can  see  if  either  one  of  these  wires 
were  open  it  would  cause  strut  //l  bleed  valve  to  be  inoperative.  Therefore, 
the  answer  to  problem  //l  is  H2D20  and  H43A20N. 

Problem  it! 

With  the  manifold  valve  switch  in  the  close  position  and  the  bleed  selector 
switch  in  normal,  and  the  cabin  pressure  master  switch  is  in  the  7«45  or  4«50 
position  the  body  crossover  valve  will  not  open,  but  will  close.    The  probable 
cauje  would  be  an  (open/short)    ,  in  wires  number  ,    and  # 

Problem  //3 

With  the  manifold  valve  switch  in  the  open  position,  number  1  and 
4  strut  bleed  valves  did  not  open.    The  probable  cause  would  be  an 
(open/short)   in  wire  numbers 


Problem  //4 

In  automatic  the  cabin  temp  goes  full  hot  and  remains. 
Shorted  wire  numbers  , 


This  concludes  the  practice  exercise.    If  you  have  no  questions, 
inform  your  instructor  that  you  are  ready  for  the  performance  test. 
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Frame  1 

In  previous  systems  that  you  have  studied,  the  hot  engine  bleed  air  was 
used  for  several  purposes.    On  the  cargo  aircraft  that  you  will  be  studying 
in  this  lesson,  engine  bleed  air  is  also  used  for  several  purposes.  These 
purposes  are  as  follows. 

1 .  Air  conditioning  and  pressurizing  the  cabin  (flight  deck)  and  the 
cargo  compartment. 

2.  Starting  engines. 

3.  Defogging  the  windshield. 

U.    Preheating  the  engine  compartments  (nacelle).    This  is  used  when 
operating  in  extreme  cold  climates. 

£.    Driving  an  air  turbine  motor  (ATM).    An  ATM  is  a  unit  that  provides 
electrical  power  for  emergency  operation  or  for  ground  operation.    The  unit 
consists  of  a  turbine,  driven  by  bleed  air,  that  drives  an  alternator. 

6.  Anti-icing  the  leading  edges  of  the  wings  and  empennage  (tail  section). 

7.  Anti-icing  the  engine  air  intake  scoop  and  guide  vanes. 

0.    Anti-icing  the  radome.  (The  radome  cover*  the  radar  unit  that  protrudes 
from  the  nose  of  the  aircraft.) 

9.    Anti -icing  the  urinal  drains. 

Fill  in  the  blanks  to  complete  the  following  statements. 

. •    Air  for  air  conditioning  the  cabin  and  cargo  compartment  is 
supplied  from  the  engine  system. 


2.    The  aircraft  engines  are  sta^  ad  by  using 


3.    Anti-icing  of  the  aircraft  wing  leading  edges  is  accomplished  by 
using  hot  


h»    Hot  engjne  bleed  air  is  used  for  anti-icing  the  engines  air 

and  vanes. 


Frame  2 


The  cargo  aircraft  that  you  will  be  studying  in  this  lesson  has  four  engines. 
Bleed  air  is  taken  from  all  four  engines.    The  air  is  still  taken  from  the  last 
stage  of  compression.    However,  the  last  stage  of  compression  on  this  aircraft  is 
the  lUth  stage. 

A  ground  air  cart  can  also  be  used  on  this  aircraft  for  starting  engines  and 
for  operating  the  various  systems  when  the  aircraft  is  on  the  ground. 

The  sargo  aircraft  is  also  equipped  with  a  Gas  Turbine  Compressor  (GTC).  The 
GTC  ia  a  small  jet  engine  that  -  is  mounted  in  the  left  wheel  well.    This  unit  is 
only  used  to  supply  bleed  air  for  gx  ound  operation.    The  GTC  can  be  started  by 
electrical  power  from  the  aircraft  battery.    Then  the  bleed  air  from  the  GTC  can 
be  used  to  start  the  aircraft  engines,  or  to  operate  any  of  the  systems  normally 
operated  by  bleed  air. 


Fill  in  the  blanks  to  complete  the  following  statements, 

1 •    The  three  sources  of  the  bleed  air  for  the  cargo  aircraft  are  the 


compressor,  and   cart. 

2.    During  ground  operation,  bleed  air  can  be  supplied  by  a 


engines « 


cart,  by  a  gas  turbine  9  0r  by  the 


3.    The  purpose  of  the  GTC  is  to  supply  air  during 

 operation  only. 
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Frame  3 


Figure  1  shows  the  bleed  air  system  for  the  left  wing  and  fuselage,  the 
right  wing  is  the  same  as  the  left  wing.  The  system  consists  of  sectior§  o| 
stainless  steel  ducting,  engine  bleed  air  shuuoff  valves,  and  wing  isolation 
valves. 


Locate  the  valves  in  figure  1 .    The  system  of  ducting  that  carries  the 
bleed  air  to  its  point  of  use  is  frequently  called  the  bleed  air  manifold. 
The  bleed  air  is  taken  from  each  of  the  four  engines  and  carried  to  the 
various  systems  by  the  bleed  air  manifold. 


Fill  in  the  blanks  to  complete  the  following  statements. 


1 .    The  bleed  air  system  consists  of 

engine  bleed  air   

valves. 


and  wing 


ducting , 


2.  During  flight,  air  for  anti-icing  is  provided  by   

(1  >  2,  3,  ky)  engines. 

3.    During  flight,  air  for  air  conditioning  is  provided  by 
(1 ,  2,  3,  or  k)  engines. 


-IAOOME  ANTI-ICING 
SHI/TOFF  VALVE 


Figure  1 .  Bleed  Air  System 
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Frame  h 


Bleed  air  can  also  be  supplied  to  the  bleed  air  manifold  by  a  GTC, 
(gas  turbine  compressor).    The  GTC  is  installed  in  the  left  wheel  well.  The 
GTC  installation  is  shown  in  figure  2.    Again,  it's  only  purpose  is  to 
supply  bleed  air  to  the  bleed  air  manifold.    It  is  only  used  for  operating 
the  system  while  the  aircraft  is  on  the  ground. 

Fill  in  the  blanks  to  complete  the  following  statements. 

1 .    To  perform  a  ground  operational  check  of  a  system  requiring  bleed 

air,  the  air  can  be  supplied  by  either  a  ground   

  compressor  or  by  the  aircraft   


OIL  PRESSURE  BLEED  SHUTOFF  AND 


\ 
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CENTRIFUGAL 
SWITCH  ASSEMBLY 


IGNITER 


LOAD  CONTROL 
THERMOSTAT 


OIL  PUMP 
AND  FILTER 


OIL  PRIME  B'lTTON 
AND  CHECK  VALVE 


Figure  2* 
6 


223 


Frame  5 


Wo  stated  in  frame  2  that  air  could  be  supplied  to  the  bleed  air  manifold 
by  a  ground  air  cart.    Figure  3  below  shows  the  MA-1A  ground  air  supply  cart. 

The  only  purpose  of  this  unit  is  to  supply  bleed  air  to  the  bleed  air 
manifold. 

This  bleed  air  can  bo  used  to  start  the  aircraft  engines  or  it  can  be  used 
to  operate  the  air  conditioning,  engine  preheat,  or  anti-icing  systems  when 
performing  ground  operational  checks. 

The  MA-1A  ground  air  cart  contains  a  small  jet  engine,  and  the  necessary 
controls  for  operation  and  control  of  the  unit. 

As  an  Environmental  Systems  Mechanic,  you  may  be  required  to  operate 
this  unit,    if  you  are  required  to  operate  this  unit,  you  will  be  trained 
on  the  operating  procedures  after  you  are  assigned  to  a  maintenance  organ- 
ization. 


Figure  3. 
MA-1A  Ground  Air  Cart 

Fill  in  the  blanks  to  complete  the  following  statement. 

1 .    To  perform  a  ground  operational  check  of  a  system  requiring  bleed 
air  you  can  use  a 

as  a  source  of  air.  '  ~~ 
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Frame  6 


Figure  U  shows  a  schematic  of  the  bleed  air  system.    The  air  from  the  1ljth 
stage  of  compression  flows  through  a  check  valve,  then  to  the  engine  bleed  air 
shut  off  valve.    This  is  illustrated  for  engine  number  1 ,  all  four  engines  are 
the  same. 

During  normal  operation  all  four  engine  bleed  air  shutoff  valves  ar8  open. 
This  allows  the  bleed  air  from  all  four  engines  to  flow  into  the  bleed  air  mani- 
fold. 

This  means  that  during  in-flight  operation,  the  bleed  air  for  air  condition- 
ing or  anti-icing  systems  is  normally  supplied  by  all  four  engines. 

The  bleed  air  from  the  engines  can  also  be  used  to  operate  the  systems  while 
the  aircraft  is  on  the  ground.    However,  it  is  usually  easier  to  use  the  GTC  or 
ground  air  cart  when  performing  ground  operational  checks. 

Also  notice  the  two  wing  isolation  valves  shown  in  the  illustration.  These 
valves  are  used  to  isolate  either  the  left  or  right  side  of  the  bleed  air  mani- 
fold. 

The  wing  isolation  valves  are  normally  open  at  all  times.    If  a  severe  leak 
develops,  the  wing  isolation  valves  are  used  to  close  that  portion  of  the  system. 

For  example,  if  a  leak  develops  in  the  ducting  between  engines  number  1  and 
number  2,  the  number  1  and  number  2  engine  bleed  air  shutoff  valves  would  be 
closed,  and  the  left  wing  isolation  valve  would  be  closed. 

This  would  remove  all  airflow  from  the  left  manifold,  but  still  permit  air 
from  the  right  engines  to  be  used  for  air  conditioning  and  pressurization. 

Notice  that  check  valves  are  located  at  each  point  where  it  is  necessary 
to  prevent  a  reverse  flow  of  air,    They  are  located  at  each  engine,  at  the 
ground  air  connection,  and  at  the  GTC. 

Fill  in  the  blanks  to  complete  the  following  statements. 

1  .    Air  for  the  bleed  air  system  is  supplied  by  the   or  the 

 compressor,  or  a  cart. 


2.    The  air  from  the  engines  is  controlled  by  an  engine 
   valve.  ~ 


3.    Check  valves  are  used  at  each  ,  at  the  ground  air 

 9  and  at  the  " 


h*    If  a  leak  should  develop  in  the  right  wing  area,  thia  section  of  the 
manifold  can  be  closed  off  by  closing  the   valve. 

_    5.    During  normal  in-flight  operations,  air  for  air  conditioning  and  anti- 
icmg  is  supplied  by  engines. 
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The  engine  bleed  air  shutoff  valves  are  28-volt  DC  motor  actuated, 
butterfly  type  valves.    Figure  5  shows  a  typical  engine  bleed  air  shutoff 
valve . 

Individual  Switches  are  provided  on  the  aircraft  instrument  panel  for 
control  of  each  valve.    Figure  6  shows  the  portion  of  the  instrument  panel 
that  contains  the  switches  for  controlling  the  engine  bleed  air  shutoff 
'/.ives  and  also  the  controls  for  the  GTC. 

During  flight  all  four  engine  bleed  air  shutoff  valves  are  normally 
open.    However,  the  pilot  can  close  anyone  of  the  valves  if  necessary  by 
placing  the  switch  to  the  CLOSE  position.    Notice  how  the  bleed  air  mani- 
fold is  illustrated  on  the  instrument  panel. 


LOOKING  UP 

Figure  6. 

Fill  in  the  blanks  to  complete  the  following  statements. 

1 .    The  engine  bleed  air  shutoff  valves  are  actuated  by  a 


2.    Each  engine  bleed  air  shutoff  valve  is  controlled  by  a  separate 
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Frame  8 


The  wing  isolation  valves  are  solenoid  controlled,  spring  actuated 
valves .    The  valve  is  held  open  by  a  solenoid  and  closed  by  a  spring. 
Energizing  t\*e  solenoid  releases  the  valve  poppet,  allowing  the  valve 
to  be  closed  by  the  spring. 

The  valve  can  only  be  open  or  reopened  by  deenergizing  the 
solenoid  and  mechanical  linkage.    This  is  done  by  pulling  the  wing 
isolation  valve  control  lever  down,  which  pulls  a  latch  inside  the 
solenoid  which  cocks  the  valve  open.     (This  could  be  thought  of  like 
cocking  a  gun  before  you  fire  it.) 

When  the  wing  isolation  valve  lever  is  pulled  down  it  pulls  a 
latch  inside  the  solenoid  which  holds  the  valve  open  and  when  the 
solenoid  is  energized  it  releases  the  latch  and  allows  the  valve  to  be 
closed  by  the  spring. 


Separate  switches  are  provided  on  the  instrument  panel  for  closing 
the  wing  isolation  valves.    These  switches  are  shown  in  figure  8.  The 


switches  are  marked  LH  WING  ISOLATION  VALVE  and  RH  WING  ISOLATION  VALVE. 


0 


Figure  7. 


OAS  TU11INI  COMMtlSSOR  CONTROL  PANIL 
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LOOKING  UP 
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Figure  8. 
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Questions  for  Frame  8. 

Fill  in  the  blanks  to  complete  the  following  statements, 

1 •    The  wing  isolation  valves  are  closed  by  the   

 switches • 


2.  The  purpose  of  the  wing  isolation  valve  lever  is  to 
the  wing  isolation  valve* 

3.  Placing  the  wing  isolation  valve  switch  to  closed,  will  energize 

the 
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Frame  9 


For  problems  1,  2,  and  3  select  the  statements  from  column  B  that  correctly 
completes  the  statement  given  in  column  A.    Place  the  letter  of  the  matching 
statement  in  the  blank  space  provided.    NOTE;    There  are  more  blanks  than  correct 
matching  statements. 


COLUMN  A 

Bleed  air  is  used  on  the  cargo 
aircraft  for 


2. 


The  sources  of  bleed  air  on  the 
cargo  aircraft  are   


3.    The  bleed  air  system  consists  of 


COLUMN  B 

A.  Air  Conditioning. 

B.  Starting  the  Engines. 

C.  Cooling  the  electronic 
equipment  compartment. 

D.  Leading  edge  anti-icing. 

E.  Rain  Removal. 

F.  Driving  an  ATM. 

G.  Engine  air  intake 
anti-icing. 

A.  All  h  engines 

B.  Engines  2  and  3  only. 

C.  Gas  turbine  compressor. 

D.  Ground  air  conditioner. 

E.  Ground  air  cart. 

A. 
B. 


28V  DC  motor  operated 
engine  bleed  air  valves. 
Solenoid  controlled,  air 
 "  actuated  bleed  air  valves. 

C.  Aluminum  Ducting. 

D.  Stainless  Steel  Ducting. 

E.  Wing  isolation  valves. 

F.  Body  crossover  valves. 

G.  Check  valves. 

Read  each  of  the  following  statements,  then  mark  them  as  either  True  (T)  or 
False  (F). 


ii. 

6. 

7. 
8. 


The  wing  isolation  valves  are  held  open  by  a  solenoid. 

The  wing  isolation  valves  are  closed  by  spring  tension. 

After  the  wing  isolation  valve  is  closed,  it  can  only  be  reopened 
mechanically. 

During  flight,  engine  bleed  air  is  normally  taken  only  from  engines 
1  &  2.  * 

The  bleed  air  from  the  GTC  can  be  used  to  start  the  aircraft  engines. 
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Frame  10 


The  electrical  circuits  for  controlling  the  bleed  air  system  are  shown  in 
Poldout  1  (the  last  page  of  this  text).    Open  this  foldout. 

Locate  the  four  engine  bleed  air  shutoff  valves  and  the  LH  and  RH  isolation 
valves.    The  engine  bleed  air  shutoff  valves  are  each  controlled  by  an  engine 
bleed  air  control  switch. 

Locate  these  switches  on  the  diagram.  Placing  the  switch  to  OPEN  position 
directs  power  to  open  the  bleed  air  shutoff  valve. 

The  diagram  shows  each  of  these  switches  in  the  OPEN  position.    Placing  the 
switch  to  the  CLOSED  position  directs  power  to  close  the  valve. 

Also  notice  that  when  the  switch  is  placed  to  the  OPEN  position,  current 
haj  to  go  through  a  second  switch,  which  is  actuated  by  the  fire  control  handle. 

/ 

[In  case  of  an  engine  fire,  the  pilot  will  pull  the  fire  control  handle;  this 
will  cause  several  things  to  happen,  such  as  closing  off  the  fuel  supply  and  the 
bleed  air  shutoff  valve  to  close. 

Trace  the  circuit  for  control  of  Engine  No.  1  bleed  air  shutoff  valve. 
Starting  at  the  Engine  No.1  circuit  breaker,  follow  the  path  of  current  flow  to 
Engine  No.  1  bleed  air  valve  control  switch. 

With  the  switch  in  the  OPEN  position,  current  will  flow  through  the  switch 
to  B2  of  the  fire  control  switch.  Current  will  go  through  this  switch  to  Pin  A 
of  the  No.  1  engine  bleed  air  shutoff  valve. 

/' 

This  will  cause  the  valve  motor  to  run  to  the  open  position.    Now  fol.—* 
the  path  of  current  flow  for  normal  closing  of  the  valve.    With  the  control 
switch  in  the  CLOSED  position,  current  will  flow  through  the  switch  t<£fB1  of 
the  No.  1  engine  bleed  air  shutoff  valve. 

With  the  NO.  1  engine  bleed  air  valve  switch  in  the  OPEN  position,  if  the 
fire  control  handle  is  pulled,  it  will  direct  power  to  close  the  valve. 

When  the  fire  control  handle  is  pulled,  it  moves  the  switch  contact,  conn- 
ecting B2  to  B1 .    This  directs  current  to  the  closed  side  of  the  engine  bleed 
air  shutoff  valve. 

Notice  that  all  four  of  the  engine  bleed  air  shutoff  valve  circuits  are 
identical.    Since  we  have  followed  the  current  for  engine  No.  1,  you  should  be 
able  to  analyze  the  electrical  control  for  the  other  three. 

As  stated  earlier,  the  wing  isolation  valves  are  controlled  by  separate 
switches.    With  the  switches  in  NORMAL  there  is  no  current  flow  and  the  valves 
remain  open. 

Placing  either  switch  to  CLOSED  permits  current  flow  from  the  circuit  breaker 
to  the  valve  solenoid.    This  energizes  the  solenoid  which  releases  the  valve 
allowing  the  spring  tension  to  close  the  valve. 
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Fill  in  the  blanks  to  complete  the  following  statements. 

1 .    The  engine  bleed  air  shutoff  valves  are  actuated  by 
volt  DC 


2.  Each  engine  bleed  air  shutoff  valve  is  controlled  by  a  separate 
engine  bleed  air  valve  , 

3.  With  the  No,  3  engine  bleed  air  valve  switch  in  the  OPEN  position, 
pulling  the  fire  control  handle  will  cause  th-,  engine  bleed  air  3hutoff 
valve  to   . 

U.    The  LH  wing  isolation  valvs  solenoid  ^s  energizea  ,hen  the  LH 

wing  isolation  valve  switch  is  in  thi    (normal/ 

closbd)  position. 
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Frame  11 


A  bleed  manifold  pressure  gage  is  located  in  the  cockpit.    Figure  9  shows 
the  gage  and  illustrates  how  it  is  connected  to  the  bleed  air  manifold. 

This  gage  indicates  the  bleed  ai.  pressure  in  the  bleed  air  manifold.  It 
serves  to  keep  the  pilot  informed  of  the  pressure  in  the  manifold,  and  can  also 
be  used  by  maintenance  personnel  (you)  when  checking  to  determine  if  the  system 
has  excessive  leakage. 

When  using  the  MA-1A  ground  air  cart  or  the  GTC,  the  gage  will  normally 
indicate  approxijnately  kO  psi.    When  the  engines  are  supplying  air  to  the  man- 
ifold the  gage  will  indicate  approximately  70  psi.    However  this  will  depend 
on  the  engine  throttle  settings. 


Fill  in  the  blanks  to  complete  the  following  statements. 

1 .    The  pressure  in  the  bleed  air  manifold  is  indicated  by  a 


2.    The  bleed  air  system  can  be  ehecked  for  excessive  leakage  by  using  the 
bleed  manifold 


4 


233 


16 


9 

ERIC 


SMUTOFF  VALVE 

Figure  9. 
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Frame  12 


Maintenance  on  bleed  air  systems  is  similar  for  all  aircraft.  However, 
you  should  always  refer  to  the  applicable  aircraft  technical  order  to  obtain 
specific  instructions.    General  inspection  and  maintenance  consists  of: 

1.  Checking  bleed  air  ducting  for  corrosion,  cracks  and  dents. 

2.  Checking  duct  couplings  (clamps)  for  security. 

3*    Checking  duct  insulation  for  tears  or  saturation  from  oil  or  hydraulic 
fluid. 

U.    Removing  and  replacing  sections  of  ducting,  clamps,  gaskets,  and  com* 
ponents,  sue  i  as  bleed  air  valves. 

5«    Checking  system  for  leakage. 

Checking  the  system  for  leakage  is  accomplished  in  various  ways.  The  system 
can  be  checked  to  determine  if  excessive  leakage  exists  by  observing  the  pressure 
gage  and  timing  the  pressure  drop  when  the  system  is  turned  off. 

This  method  of  testing  will  locate  extreme  leakage  through  ruptureil 
ducts,  missing  or  leaking  V-band  couplings  and  gaskets. 

The  pressure  decay  method  of  leak  testing  is  accomplished  by  assuring  all 
systems  are  turned  off,  then  pressurizing  the  bleed  air  system  using  the  GTC  or 
by  running  the  engir".    An  example  of  this  procedure  would  be  as  follows: 

1 .  With  the  GTC  running,  allow  the  bleed  air  manifold  pressure  to  buildup 
to  35  psi.    Then  cl^e  off  the  air  from  the  GTC,  thus  trapping  the  air  in  the 
bleed  air  manifoDd. 

2.  Using  a  stop  watch m  time  the  pressure  drop  as  it  drops  from  30  psi  to 
15  psi.    If  the  time  for  the  pressure  to  drop  frcn  30  psi  to  15  psi  is  less  than 
8.5  seconds,  the  leakage  at  some  point  in  the  manifold  is  excessive. 

If  the  time  is  greater  than  8.5  seconds,  the  leakage  is  not  excessive. 
The  pressure  will  drop  as  there  is  an  allowable  leakage  around  some  valves  and 
through  the  urinal  drain  anti -icing  tubes. 

Locatirg  leaks  is  done  by  the  hand  survey  method.    This  is  accomplished  by 
pressurizing  the  manifold  with  the  GTC,  then  cauti  lsly  feeling  around  each 
duct  connection  or  area  where  leakage  is  suspected.    Remember,  this  air  and 
the  ducts  can  still  be  \ery  hot. 
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Questions  for  Frame  1  2. 

Fill  in  the  blanks  to  complete  the  following  statements. 

1 .  To  determine  specific  procedures  for  maintaining  a  bleed  air  system, 
you  should  refer  to  the  applicable  m  

2.  To  det<  rmine  if  the  leakage  from  a  bleed  air  manifold  is  within  the 
allowable  spec    ications,  you  should  leak  test  th*  oysters  using  the 
 method. 

3.  In  the  example  given  for  leak  checking  a  bleed  air  system,  if  the 
pressure  drops  from  30  psi  to  15  psi  in  6  seconds,  this  would  indicate 
 ,  (a  normal  system/excessive  leakage). 

h*  If  excessive  leakage  is  indicated  when  performing  a  leak  test  by 
the  pressure  decay  method,  the  trouble  could  be  caused  by  an  engine  bleed 
air  shutoff  valve  failing  to   . 


19 

236 


Frame  13 

Plaoe  a  T  or  F  in  the  blank  to  indicate  whether  the  statement  is  True  or 
False • 

 1-    Engine  bleed  air  is  used  on  the  cargo  aircraft  for  starting  engines, 

air  conditioning  and  pr*--—  izing  the  Ci.bin,  anti-icing  the  wings, 
empennage  and  engine  ,  -.akes,and  for  driving  an  air  turbine  motor. 

 2.    When  performing  a  ground  operational  check,  bleed  air  can  be  supplied 

by  either  the  engines,  GTC,  cr  ground  air  supply  cart. 

 3.    During  flight,  engine  bleed  air  i3  normally  supplied  by  engines  NO.  1 

and  NO.  2  only. 

 Closing  of  the  wing  isolation  valves  is  accomplished  by  energizing  a 

solenoid. 

 5-    During  flight,  the  wing  isolation  jralves  are  normally  closed. 

 6.    The  engine  bleed  air  aiutoff  valves  are  actuated  by  a  28  volt  DC  motor. 

 7-    The  bleed  manifold  pressure  gage  is  used  when  performing  a  leak  test 

of  the  bleed  air  system  by  the  pressure  decay  method. 

 8-  Wh®n  the  bleed  air  system  is  checked  for  excessive  leakage  by  the  pres- 
sure decay  method,  the  pressure  drops  from  30  psi  to  15  psi  in  20  sec; 
this  indicates  excessive  leakage. 

 9.    When  a  fire  control  handle  is  pulled  it  will  cause  the  engine  bleed  air 

shutoff  valve  to  close  for  that  particular  engine. 

Select  the  correct  answer  or  answers  to  the  following  question. 

10.  The  Mo.  2  engine  bleed  air  shutoff  valve  fails  to  close.  This  could  be 
caused  by 

a.  a  defective  shutoff  valve  motor. 

b.  the  fire  control  handle  being  pulled  out. 

c.  the  isolation  valve  switch  being  in  normal. 

d.  an  open  in  the  electrical  circuit  between  B1  of  the  fire  control 
handle  and  B  of  the  valve  motor. 
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CORRECT  RESPONSES  TO  ALL  THE  FRAMES. 


Frame  1 


Frame  9  (Continued) 


1«  bleed  air 

2.  bleed  air 

3.  engine  bleed  air 

4.  intake  scoop  and  guide 

Frame  2 

1.  engines,  gas  turbine,  ground  air 

2.  ground  air,  compressor 

3.  bleed,  ground 

Frame  3 

1.  stainless  steel,  shutoff  valves, 
isolation 

2.  4 

3.  4 

Frame  4 

1.    air  cart 
gas  turbine 
engines 

Frame  5 

1.    ground  air  cart 
Frame  6 

1.  engines,  gas  turbine,  ground  air 

2.  bl$ed  air,  shutoff 

3*    engine,  connection,  gas  turbine  compressor 

4.  wing  isolation 

5.  all  four 

Frame  7 

1.  28V  DC  motor 

2.  switch 

Frame  8 

1*    wing  isolation  valve 

2,  open 

3.  solenoid 


4. 
5. 
6. 
7. 
8. 


T 
T 
T 
F 
T 


Frame  10 


1. 
2. 
3. 
4. 


28  motors 
switch 
close 
closed 


Frame  11 


1. 
2. 


pressure 
pressure 


gage 
gage 


Frame  12 


1.  technical  order 

2.  pressure  decay 

3.  excessive  leakage 

4.  close 

Frame  13 


1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 


T 
T 
F 
T 
F 
T 
T 
F 
T 


10.    a  and  d 


Frame  9 

1.  ABDFG 

2.  ACE 

3.  A  D  E  G 
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ENG.  NO  I 


ENG.N0.2 


ISO  VALVE 


ENG.  NO.  3 


ENG.N0.4 


ENG.  KM 
BLEED  AIR 
SHC^Hff  VALVE 


ENG.  NO.  2 
BLEED  AIR 
SHUTOFF  VAIVE 


ENG.  NO.  3 
BLEED  AIR 
SHUTOFF  VALVE 


ENG.  NO.  4 
BLEED  AIR 
SHUTOFF  VALVE 


L.H.WING 
ISOLATION 
VALVE 


RH.  WING 
ISOLATION 
VALVE 


\bi 


"V4 

082 


ENG.NO  I 
FIRE 

CONTROL 
HANDLE 


k> 

CLOSED  /OPEN 


B3 


Y=fl 

0B2 


n 


4r 


ENG  NO.  2 
FIRE 

CONTROL 
HANDLE 


CLOSED/OPEN 


>  ENG.NO.  I 
BLEED  AIR 
VALVE 


/en 


A^l 


NORMALX  CLOSED 


NORMAL 
C\  6 


ENG.NO.  3 
FIRE 

CONTROL 
HANDLE 


ENG.  NO.  2 
BLEED  AIR 
VALVE 


\  CLOSED    CLOSED  /OPEN 
rtENC 


b  L  H  WING      6R.H.  WING 


ISOLATION 
VALVE 


ISOLATION 
VALVE 


ENG.NO.  3 
BLEED  AIR 
VALVE 


ENG.  NO.  4. 
FIRE 

CONTROL 
HANOLE 


BLEED  AIR 
VALVE 
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OBJECTIVES 

Relate  a  minimum  of  8  out  of  10  cargo  bleed  air  anti-icing 
components  to  their  operation. 

Using  a  wiring  diagram,  specify  the  causes  for  a  minimum  of  four 
out  of  five  anti-icing  system  control  circuit  troubles. 

In  order  for  you  to  accomplish  this  objective,  the  following  areas 
will  be  covered  by  this  programmed  text: 

1.  The  purpose  of  the  wing  and  empennage  anti-icing  systems. 

2.  The  function  of  the  wing  and  empennage  anti-icing  system 
components . 

3.  The  operation  of  the  wing  and  empennage  anti-icing  control 
circuits  and  overheat  warning  circuits. 

INSTRUCTIONS 

This  text  presents  material  in  small  steps  called  "frames." 
After  each  frame  you  are  asked  to  respond  by  completing  statements, 
matching  statements,  or  by  selecting  the  true  statements.  Read  the 
material  carefully  before  making  the  response.  The  correct  answers 
to  the  responses  are  given  on  the  top  of  the  next  page  of  the  text. 
If  you  select  the  correct  answers,  continue  to  the  next  frame.  If 
you  are  incorrect,  read  the  material  again  and  correct  your  answers 
before  continuing. 

You  will  also  be  given  a  practice  exercise  in  which  you  will  be 
required  to  study  the  wiring  diagram  and  determine  the  cause  for  system 
malfunctions. 

This  text  is  divided  into  two  sections.    You  must  meet  the  criterion 
of  the  first  section  prior  to  completing  the  second  section. 

Proceed  to  frame  1. 


Supersedes  C3ABRA2331-PT-208A,  25  November  1981. 
OPR:     3370  TCHTG 
DISTRIBUTION:  X 

3370  TCHTG/TTGU-P  -  500;  DAV  -  1 
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SECTION  A 


Frame  1 

In  the  past  lesson  you  studied  the  cargo  aircraft  bleed  air 
system.    You  should  recall  from  that  lesson  that  on  the  cargo  air- 
craft, bleed  air  is  used  for  several  purposes,  and  that  one  of  these 
purposes  was  to  anti-ice  the  leading  edge  surfaces  of  the  aircraft. 

You  should  also  recall  that  on  the  cargo  aircraft,  the  bleed 
air  can  be  supplied  to  the  bleed  air  manifold  by  the  engines,  a  GTC, 
or  by  a  ground  air  supply  cart. 

In  this  lesson  you  will  study  the  anti-icing  system  which  stops 
ice  from  building  up  on  the  leading  edge  of  the  wings  and  empennage 
surfaces. 

You  will  learn  that  hot  engine  bleed  air  is  used  to  stop  ice 
from  forming  on  these  surfaces  and  how  this  bleed  air  is  controlled. 

You  should  keep  in  mind  that  even  though  there  are  three 
sources  of  bleed  air,  the  only  source  that  can  be  used  to  operate 
the  anti-icing  system  while  the  aircraft  is  in  flight  is  the  air 
from  the  engines. 

As  was  said  in  the  past  text,  this  air  is  supplied  from  all  four 
engines.    For  ground  operation,  the  GTC  or  ground  air  supply  cart 
can  be  used. 

Fill  in  the  blanks  to  complete  the  following  statements. 

1.  One  purpose  of  the  engine  bleed  air  is  for  ,  

the  wing  and  empennage  leading  edges. 

2.  During  flight,  bleed  air  supplied  to  the  bleed  air  manifold 
on  the  cargo  aircraft  by  the  _   * 
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Answers  to  Frame  1:    1.    anti-icing      2.    e*  ^ines. 


Frame  2 

Anti-icing  systems  are  required  to  prevent  ice  from  forming  which 
could  force  the  aircraft  to  land  or  crash. 

Some  aircraft  use  anti-icing  systems  for  the  wings  and  empennage 
(tail  section),  and  for  anti-icing  areas  such  as  the  radome.  Others 
may  use  the  anti-icing  systems  for  the  engine  inlet  air  ducts  only, 
while  others  may  not  have  any  anti-icing  systems. 

The  cargc  aircraft  that  you  will  be  studying  has  several  anti-icing 
systems  plus  an  ice  detection  system. 

Figure  1  shows  the  main  areas  that  are  anti-iced  on  this  aircraft. 
These  areas  include:     (1)  the  leading  edge  of  the  wings,  (2)  the  leading 
edge  of  the  horizontal  stabilizer,  (3)  the  leading  edg?  of  the  vertical 
stabilizer,  (4)  the  engine  inlet  air  duct  and  (5)  tue  radome. 


Figure  1. 

Fill  in  the  blanks  to  complete  the  following  statements. 

1.  The  purpose  of  an  anti-icinc  system  is  to    ice 

from  accumulating. 

2.  The  areas  that  are  anti-iced  on  the  cargo  aircraft  include  the 

 °f  the  wings,  the  engine  

 ,  the  leading  edge  of  the  

 • 
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Answers  to  Frame  2: 


1,  prevent    2.  leading  edge,  inlet  air  duct, 

vertical  stabilizer  and  horizontal  stabilizer. 


Frame  3 

In  this  lesson  you  will  study  only  the  wing  and  empennage  anti- 
icing  system.    The  engine  air  intake  duct  anti-icing  system  will  be 
talked  about  in  your  next  lesson. 

The  wing  and  empennage  anti-icing  system  is  made  up  of  the 
ducting  and  valves  necessary  to  direct  the  hot  engine  bleed  air 
to  the  leading  edge  surfaces. 

Figure  2  shows  the  ducting  for  the  right  wing.    The  left  wing  is 
the  same  as  the  right  wing  so  it  will  not  be  taken  up. 

The  wing  leading  edge  anti-icing  system  is  split  up  into  the  left 
and  right  wing  systems.    Then,  in  each  wing  the  anti-icing  system  is 
further  split  up  into  an  inboard  section  and  an  outboard  section . 

In  the  sketch  shown,  (A)  is  the  inboard  section,  and  (B)  is  the 
outboard  section.    The  airflow  from  the  bleed  air  manifold  to  each 
section  is  controlled  by  an  anti-icing  shutoff  valve.    The  inboard 
section  is  controlled  by  the  anti-ice  shutoff  valve  marked  (C)  and  the 
outboard  section  is  controlled  by  the  valve  marked  (D) . 


Figure  2. 

Remember,  this  only  shows  the  right  wing.    The  left  wing  is 
identical.    This  means  there  are  four  valves  that  control  bleed  air- 
flow for  anti-icing  the  wing  leading  edge. 

Fill  in  the  blanks  to  complete  the  following  statements. 

1.  The  wing  leading  edge  anti-icing  system  is  divided  into  an 
  and  an   section  in  each  wing. 

2.  The  bleed  airflow  for  wing  anti-icing  is  controlled  by   

shutoff  valves. 


3.      The  wing  leading  edge  anti-icing  is  controlled  by 


(2/4)  valves. 
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Answeis  to  Frame  3:    1.  inboard-outboard      2.    anti-icing    3.  four 


Frame  A 

The  empennage  anti-icing  system  is  also  split  up  into  two 
sections.    Figure  3  shows  this  system. 

Section  (A)  provides  air  for  anti-icing  the  left  horizontal 

stabilizer  and  the  upper  port-*   \  of  the  vertical  stat^lizer. 

Section  (B)  provides  ?  .r  for  anti-icing  the  right  horizontal 

stabilizer  and  tht*  lower  portion  of  the  vertical  stabilizer. 


Figure  3. 

Each  section  is  controlled  by  a  separate  anti-icing  system  shutoff 
valve >    The  anti-ice  valve  marked  (C)  controls  bleed  air  for  an'-i-icing 
the  left  horizontal  stabilizer  and  the  upper  portion  of  the  vertical 
stabilizer. 

The  anti-ice  shutoff  /al^e  marked  (D)  controls  the  bleed  air  for 
anti-icing  the  right  horizontal  stabilizer  and  the  lower  section  of  the 
vertical  stabilizer. 

This  means  there  are  a  izotal  of  six  anti-icing  shutoff  valves  in 
the  anti-icing  system;  two  in  the  empennage  and  four  in  the  wings. 

Fill  in  the  blanks  to  complete  the  following  statements. 

1.      The  empennage  anti-icing  system  is  divided  into    sections. 


2.  The  leading  edge  anti-icing  system  contains  a  total  of   

valves. 

3.  Anti-icin^  of  the  upper  portion  of  the  vertical  stabilizer  and  the 

lef c  horizontal  stabilizer  i3  controlled  by   

(the  same/different)  valve(s). 
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Answers  to  Frame  4: 


1. 


two 


2, 


six 


3. 


the  same 


Frame  5 


The  bleed  air  used  for  the  leading  edge  anti-icing  system  is 
controlled  by  all  actuated,  solenoid  controlled  valves. 

In  the  past  frames,  these  valves  were  referred  to  as  anti-icing 
system  shutoff  valves.    For  the  remainder  of  the  text  these  valves 
will  simply  be  called  anti- icing  valves.    All  six  valves  are  the  same. 
The  anti-icing  valve  is  shown  in  figure  4. 


ANTI-ICING  VALVE 


Figure  4. 


Fill  in  the  blanks  to  complete  the  following  statements. 


Anti-icing  valves  are  actuated  (opened/closed)  by 


The  anti-icing  valves  are  controlled  by  a 
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Answers  to  Frame  5:    1.    air  pressure.    2.  solenoid 


Frame  6 


Figure  5  shows  an  internal  view  of  the  anti-icing  valve.  The 
operation  of  this  valve  is  somewhat  different  from  those  you  have 
studied  in  the  past. 

This  valve  is  made  up  of  a  solenoid,  actuator,  piston,  return 
spring,  orifice,  and  orifice  seal.    The  opening  that  the  air  flows 
through  is  called  an  orifice,  ana  the  plate  that  opens  and  closes  is 
called  ^he  orifice  seal. 

FinrJ  each  of  these  parts  on  the  sketch  shown. 


Figure  5. 

The  sketch  shows  the  valve  in  the  closed  position.  Let's  see  how 
the  valve  is  held  closed. 

Engine  bleed  air  from  the  bleed  air  manifold  flows  in  and  surrounds 
the  actuator  (shown  by  the  arrows) * 

Now  note  the  bleed  orifice  in  the  side  of  the  actuator.    The  air 
that  flows  around  the  actuator  will  also  flow  into  this  orifice.  This 
will  equalize  the  pressure  inside  the  actuator  with  the  pressure 
surrounding  the  actuator  and  equalizes  the  pressure  on  each  side  of 
the  piston. 

Notice  that  the  piston  and  orifice  seal  are  connected.  Since  the 
pressure  is  the  same  on  each  sid~  of  the  piston,  it  will  not  move,  and 
the  return  spring  will  hold  the  orifice  seal  closed. 

Fill  in  the  blanks  to  complete  the  following  statements. 

1.  The  opening  in  the  anti-icing  valve  that  air  flows  through  is 
called  an  . 

2.  When  the  pressure  inside  of  the  actuator  is  equal  to  the  pressure 
surrounding  the  actuator,  the  valve  will  be   . 


SOLENOID 


RETURN  SPRING 
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Answers  to  Frame  6:      1.    orifice      2.  closed. 


We  said  earlier  that  the  anti-icing  valve  is  controlled  by  a 
solenoid.    Let's  see  how  this  is  done. 

To  open  the  valve,  the  solenoid  must  be  energized.    Remember,  the 
valve  was  held  closed  by  allowing  the  air  pressure  to  bleed  in  through 
the  bleed  orifice.    This  keeps  the  air  pressure  the  same  on  each  side 
of  the  piston. 

When  the  solenoid  is  energized,  it  opens  a  vent  port.    Note  the 
vent  port  in  the  sketch  shown. 

With  the  vent  port  open,  the  air  b1  eds  in  through  the  bleed 
orifice  and  continues  to  flow  out  through  the  vent  port.    This  will 
stop  the  pressure  from  building  up  inside  the  actuator  and  will  result 
in  a  difference  in  pressure  on  the  piston. 

The  pressure  will  be  greater*  on  side  B  than  on  side  A  (see  figure  6). 
This  pressure  will  overcome  the  spring  tension  and  cause  the  actuator  to 
move,  which  also  moves  the  orifice  seal.    This  will  open  the  valve. 

Figure  6  shows  the  valve  in  the  open  position* 
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Figure  6. 

Fill  in  the  blanks  to  complete  the  following  statements. 

1.  When  the  solenoid  is  energized,  it  opens  a    port. 

2.  The  anti-icing  valv  is  opened  by  a  difference  in   . 

3.  When  the  solenoid  is  energized,  the  presb^re  will  be   

surrounding  the  actuator  than  inside  the  actuator. 
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Answers  to  Frame  7:      1.    vetft     2.    pressure     3.  greater 


Frame  8 

Nov  that  you  know  the  anti-icing  valves  are  controlled  by  energizing 
and  deenergizing  a  solenoid,  let's  see  how  the  solenoid  is  controlled. 

There  are  two  switches  on  the  instrument  panel  that  control  the 
leading  edge  anti-icing. 

One  switch  controls  the  wing  anti-icing  and  one  controls  the 
empennage  anti-icing. 

The  switch  for  the  wings,  controls  all  four  wing  anti- icing  valves, 
and  the  switch  for  the  empennage  controls  both  empennage  anti-icing 
valves • 

The  sketch  shows  the  circuit  for  controlling  one  valve.    This  same 
circuit  controls  the  other  valves  also. 

Detail  A  shows  the  switches  that  control  the  valves.    When  either 
of  these  switches  is  placed  to  the  on  position,  it  energizes  the  jolenoids 
on  the  valves  for  that  system. 


Figure  7. 

Fill  in  the  blanks  to  complete  the  following  stau^jients. 

1.  The  horizontal  and  vertical  stabilizer  anti-icing  system  is 
controlled  by  the  switch. 

2.  The  wing  anti-icing  switch  controls    (1,  ?:  3,  or  4)  valves. 

3.  The  voltage  required  for  energizing  the  anti-icing  valve 
solenoids  is   • 

4.  The  empennage  anti-icing  switch  controls    (1,  2,  3,  or  4)  valves. 

5.  To  open  the  anti-icing  valves,  the  solenoid  must  be  . 
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Answers  to  Frame  8:    1.    anti-icing  empennage     2.    A     3.    28V  DC 

A.    2      5.  energized. 


Frame  9 


With  the  anti-icing  valves  open,  the  hot  bleed  air  flows  into  the 
leading  edge  anti-icing  ducts.    Remember,  the  bleed  air  is  extremely  hot. 
If  the  bleed  air  was  circulated  through  the  wing  itself,  it  could  damage 
the  wing  surface. 

To  reduce  this  temperature,  the  bleed  air  is  mixed  with  the 
surrounding  "ambient"  air. 

The  bleed  air  is  directed  into  an  anti-icing  duct  that  contains 
several  small  ejector  nozzles.    The  ejector  nozzles  direct  the  bleed  air 
into  a  formed  venturi  as  shown  in  figure  8,  deta.^  A.    This  causes  a  low 
pressure  area  between  the  ejectors  and  the  formed  venturi  which  pulls  in 
ambient  air. 

The  ambient  air  mixes  with  the  bleed  air.    The  ambient  air  is  much 
cooler  t  an  the  bleed  air  and  reduces  the  temperature  of  the  air 
circulating  against  the  leadi*  Q  edge  surface.    This  Fixture  of  bleed 
air  and  ambient  air  then  passes  through  small  passages  in  the  leading 
edge  surface.    This  is  she  m  in  detail  5  of  the  sketch. 

After  the  air  flows  througn  the  passages  it  is  palled  back  into 
the  venturi  by  the  ejectors.  This  mixes  with  more  bleed  air  and  the 
air  recirculates  through  the  passages. 

This  recirculating  process  continues  as  long  as  the  anti-icing 
system  is  on.    As  the  air  reaches  the  outboard  tip  of  the  leading  edge 
surface,  some  of  it  is  vented  overboard  through  a  vent;  the  rest  of  the 
air  continues  to  recirculate  through  the  passages. 


LEADING  EDGE 


FORMED 
VENTURI 


NOZZLE 


Figure  8. 
11 


Frame  9  (Contfd) 


Fill  in  the  blanks  to  complete  the  following  statements. 

1.  The  temperature  of  the  air  circulating  against  the  skin  of  the 
leading  edge  is  cooled  by  mixing  air  and  air 

2.  Ambient  air  is  mixed  with  bleed  air  by  action  of  the 
 and  formed  '  ~ 


3.      After  recirculating  through  the  passages,  the  anti-icing  air  is 
  overboard. 
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Answers  to  Frame  9:    1.    bleed,  ambient    2.  ejector  nozzles,  venturl 

3 •  vented 


Frame  10 


With  the  recirculating  of  air  through  the  leading  edge  anti-icing 
ducts,  the  temperature  in  the  leading  edge  space  could  still  go  past  <i 
safe  operating  range. 

When  the  system  is  on,  an  anti-ice  control  thermostat  is  used 
to  cycle  the  anti-icing  valve  on  or  off. 

But,  before  we  go  through  the  operation  of  the  anti-ice  control 
thermostat,  we  need  to  bring  out  two  concepts  that  may  be  new  to  you. 
One  is  how  a  mercury  thermostat  operates  and  the  second  is  the  use  of 
an  electrical  circuit  called  a  "holding  circuit." 

Mercury  thermostats  are  used  in  both  the  anti-icing  systems  and 
the  cabin  temperature  control  system.    Holding  circuits  are  used  in 
the  anti-icing  control  thermostat,  in  conjunction  with  the  mercury 
thermostat,  and  in  the  ice  detection  system  that  you  will  learn  later. 

Mercury  thermostats  are  used  to  control  a  relay  which  in  turn  will 
control  a  valve.    You  are  probably  familiar  with  the  common  mercury 
thermometer.    A  mercury  thermostat  is  similar  to  the  mercury  thermometer. 

The  mercury  is  housed  in  a  glass  tube.    When  the  temperature  near 
the  glass  tube  goes  up,  the  mercury  will  expand.    This  will  cause  it  to 
rise  in  the  tube.    Whan  the  temperature  goes  down,  it  will  shrink,  which 
will  make  it  fall  in  the  tube. 

Since  we  know  that  mercury  is  temperature  sensitive,  it  should  be 
easy  to  see  that  it  can  be  used  in  a  temperature  control  device. 

To  show  how  a  mercury  thermostat  can  be  used  as  a  temperature 
sensitive  control  device,  we'll  start  with  a  very  simple  control  circuit. 

Figure  9  shows  a  mercury  thermostat  that  controls  a  light  bulb.  In 
this  simple  circuit,  when  the  temperature  is  below  some  set  value,  the 
light  will  be  off.    Then  as  the  temperature  goes  past  the  set  value,  the 
light  will  come  on,  because  current  will  flow  from  ground,  through  the 
mercury  in  the  thermostat,  through  the  lamp  and  to  the  power  source. 
This  completes  the  circuit  and  turns  on  the  light. 

The  mercury  thermostat  acts  as  a  switch  for  the  light.    The  shaded 
area  shows  the  mercury  after  the  temperature  goes  up.    Note  that  the 
™**rcury  completes  a  circuit  to  turn  on  the  light. 
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Figure  9. 
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Frame  10  (Cont'd) 


Fill  in  the  blanks  to  complete  the  following  statements. 

1.  An  increase  in  temperature  will  cause  the  mercury  to   

(expand/contract)  • 

2.  The  mercury  thermostat  can  be  used  as  a  temperature  sensitive 


3.      In  the  basic  circuit  illustrated  in  figure  9,  an  increase  in 
temperature  will  turn  the  light  (on/off)  • 
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Answers  to  Frame  10:    1.    expand     2.    switch     3.  on 


Frame  11 


Now  let's  put  the  mercury  thermostat  to  work  controlling 
solenoid  valve. 

Figure  10  shows  a  circuit  that  uses  a  mercury  thermostat  to  control 
a  relay  which  in  turn  controls  the  solenoid.    In  this  circuit,  the 
solenoid  will  be  deenergized  when  the  temperature  goes  past  some  set 
value  (letfs  say  180° F). 


As  the  air  temperature  on  all  sides  of  the  thermostat  gets  to 
the  mercury  will  rise  to  the  180°F  contact  point  (shown  by  the 
shaded  space)  which  completes  the  ground  circuit  for  the  relay. 


180°?, 


Let's  see  how  this  circuit  works.    When  the  switch  is  closed 
(moved  to  the  on  position),  a  path  for  28V  DC  is  completed  through 
point  A  and  point  B  on  the  solenoid  coil,  through  the  relay  contacts, 
to  ground.    This  will  energize  the  solenoid. 

When  the  temperature  builds  up  to  180° F,  the  mercury  will  rise 
and  complete  a  path  through  the  mercury  to  ground  for  the  relay  coil. 
This  will  energize  the  relay,  and  pull  the  contacts  down.    Note  that 
this  will  open  the  ground  circuit  for  the  solenoid. 

As  the  temperature  drops  below  n80°F,  the  mercury  will  drop  in  the 
tube  and  open  the  circuit  to  the  relay.    This  wilx  deenergize  the  relay, 
and  complete  the  circuit  to  the  solenoid  ground.    Nov7  the  solenoid  will 
r.gain  be  energized.    Note  that  the  thermostat  controls  the  anti-ice  valve 
by  making  and  breaking  ground  for  the  solenoid. 


SOLENOID 


Figure  10. 

Remember,  the  temperature  of  the  air  determines  the  height  of  the 
mercury.    The  height  of  the  mercury  determines  which  circuit  is  operating 
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Frame  11  (Cont'd) 


Fill  In  the  blanks  to  complete  the  following  statements. 

1.  When  the  mercury  in  the  thermostat  reaches  the  180°F  point,  the 
relay  will  be    (energized/deenergized) . 

2.  When  the  relay  is  energized,  the  solenoid  will  be   

(energized/deenergized) . 

3.  The  thermostat  assembly  (relay  and  thermostat)  controls  the 

  circuit  of  the  solenoid. 


Answers  to  Frame  11:    1.    energized     2.    deenergized     3.  ground 

Frame  12 

We've  seen  how  a  mercury  thermostat  can  be  used  to  deenerglze  a 
solenoid  at  180° F.    Now  let  us  assume  we  want  the  solenoid  to  stay 
deenergized  until  the  temperature  drops  several  degrees  below  the  180° F 
setting  (let's  say  to  158°F).    This  is  where  the  "holding  circuit"  will 
be  used. 

Figure  11  shows  the  same  mercury  thermostat  control  circuit  as 
before  but  now.  a  holding  circuit  has  been  added  and  is  shown  by  the 
dark,  bold  lines. 

Frame  10  showed  how  a  mercury  thermostat  could  be  used  to  control 
a  valve  (solenoid)  at  180°F.    In  that  circuit  the  relay  was  energized 
as  the  temperature  reached  180° F,  and  deenergized  as  the  temperature 
dropped  below  180°F. 

Now  lot's  see  how  the  thermostat  control  circuit  can  energize  the 
relay  when  the  temperature  reaches  180°F  and  then  keep  it  energized 
until  the  temperature  drops  below  158°F. 
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Figure  11. 

Figare  11  shows  the  mercury  on  the  rise  due  to  a  temperature 
increase.    The  mercury  will  first  come  in  contact  with  the  158°F 
point.    But,  note  that  since  the  relay  is  still  deenergized  it  will 
have  no  effecc  on  our  control  circuit. 

As  the  temperature  goes  up  the  mercury  will  rise  in  the  tuhe  to 
the  180°F  point.    This  will  complete  the  ground  circuit  to  the  relay 
coil  and  will  energize  the  relay.    With  the  relay  energized,  note 
that  the  relay  coil  now  has  a  second  path  to  ground  through  the 
lower  relay  contact  and  through  the  158°F  point  on  the  thermostat. 

Now  as  the  temperature  drops,  the  mercury  also  drops.    But  now 
the  circuit  through  the  158° F  point  will  keep  the  relay  energized 
until  the  temperature  drops  below  158°F. 
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Frame  12  (Cont'd) 


The  circuit  through  the  158°F  point  serves  to  hold  the  relay 
energized  while  the  temperature  drops  from  180°F  to  158°F.  This 
is  why  it  is  called  a  holding  circuit. 

What  effect  does  the  holding  circuit  have  on  the  solenoid?  When 
the  relay  is  energized,  the  solenoid  will  be  deenergized.    From  this 
we  can  see  that  the  solenoid  will  be  deenergized  when  the  temperature 
rises  to  180°F  and  will  stay  deenergized  until  the  temperature  drops 
below  158°F. 


Fill  in  the  blanks  to  complete  the  following  statements. 

1.      After  the  temperature  reaches  180°F,  the  solenoid  will  remain 

  (energized/deenergized)  until  the  temperature 

drops  below  158°  F  due  to  the      


2.      The  mercury  thermostat  provides  the  ground  circuit  for  the 
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Answers  to  Frame  12:      1.    deenergized,  holding  circuit    2.  relay 


Frame  13 


The  sketch  below  shows  the  ant i- icing  valve  with  the  thermostat 
control  circuit.  From  the  information  given  in  frames  10  through  12 
you  know  how  the  thermostat  assembly  controls  the  anti-icing  valve. 

The  thermostats  are  found  in  the  leading  edge,  downstream  of  the 
valve  outlet.    There  is  one  thermostat  for  each  valve. 

The  thermostats  are  made  to  close  the  anti-icing  valve  when  the 
temperature  goes  past  180°F  and  to  re-open  the  valve  when  the  tempera- 
ture drops  below  158°r.    The  sketch  shows  the  electrical  circuit  for 
one  valve.    The  electrical  circuit  is  the  same  for  the  rest  of  the 
valves , 
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Figure  12. 

Fill  in  the  blanks  to  complete  the  following  statements. 

1.  The  leading  edge  anti-icing  system  contains    (2,  4,  or  6) 

temperature  control  thermostats. 

2.  The  temperature  control  thermostats  controls  the 

circuit  of  the  anti-icing  valve  solenoid.  ~  ~ 

3.  The  thermostat  controls  the  leading  edge  tempenture  by  cycling  the 
 ,  __  open  and  closed. 

19  259 


Answers  to  Frame  13:  1.  6  2.  ground  3.  anti-icing  valve 
Frame~14  — —  - 


So  far  we've  ^een  two  t.o/s  to  control  the  temperature  of  the  bleed 
air  used  for  anti-icing.    These  are  the  mixing  of  the  air  through  the 
ejectors  which  tends  to  cut  down  the  temperature,  and  then  the  thermostats 
that  control  the  leading  edge  temperature  between  158°F  and  180°F. 

However,  there  is  always  the  possibility  that  a  thermostat  will  fail 
or  a  valve  will  stay  open  wh-      vould  cause  an  overheat  condition. 

Temperature  indicators  a* -  used  to  show  the  leading  edge  temperature = 
The  temperature  indicators  are  shown  in  figure  13. 

These  indicators  are  marked  "inoperative,"  "normal  operating  range," 
and  "ov^-heat."    There  are  a  total  of  six  (6)  indicators,  one  for  a  certain 
section  of  the  leading  edge.    Each  indicator  responds  to  input  from  a 
corresponding  temperature  -?cp^  ng  bulb  located  in  the  leading  edg<*  section. 

During  system  operation,  it  the  temperature  is  between  93°F  and  18C°F, 
the  indicators  will  be  in  the  "normal  operating  range." 

If  the  temperature  in  a  leading  edge  section  drops  below  93°F,  the 
resistance  in  the  sensing  bulb  increases  and  thereby  causes  less  current 
to  be  Applied  to  the  indicator >  causing  it  to  read  "inoperative." 
(Remember  tae  principle  of  a  negative  coefficient  sensor.)    Tf  inis  happens, 
the  pilot  can  assume  that  one  of  two  conditions  exist;  either  the  anti-ice 
valve  for  that  section  of  leading  edge  has  failed  to  open  or  tb*  indicator 
i*>  piving  a  faulty  reading.    To  verify  this,  the  crew  must  periorm  a  visual 
inspection  of  the  leading  edge  section  for  an  ice  buildup. 

Kc-  xetf8  see  what  will  happen  if  the  temperature  in  the  leading  edge 
section  ^..lcreases  to  above  180°F.    Remembering  the  negative  coefficient 
sensor  principle,  you  can  see  that  taw  resistance  in  the  temperature 
sensing  bulb  will  now  decrease  and  cause  more  currc      to  flow  to  the 
indicator.    As  this  occurs,  the  indicator  will  climb  !.nto  the  "overeat" 
a*:ea.    The  pilot  now  can  assume  that  either  the  indicator  is  defective  or 
an  anti-ico  valve  is  stuck  in  the  open  position. 
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Frame  14  (Cont'd) 


Tu  figure  13,  the  electrical  circuit  for  one  indicator  is  shown. 
The  circuit  for  the  other  indicators  are  the  same. 

Fill  in  the  blar.ks  to  complete  the  following  statements. 

1,  When  using  the  leading  edge  anti-icing  system,  the  pilot  can 
monitor  the  leading  edge  temperature  by  observing  the 
temperature  . 

2.  Tne  leading  edge  temperature  indicators  are  marked  , 


and  • 

3,      The  temperature  in  the  leading  edge  is  sensed  by 
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Answers  to  Frame  14:    1,    indicator     2.    inoperative,  normal  operating 

range,  overheat      3.    sensing  bulbs . 

Frame  15  " 

In  addition  to  the  temperature  indicators,  six  thermostatically 
controlled  over temperature  warning  lights  are  provided  to  monitor 
overheat  conditions. 

The  overtemperature  warning  lights  are  found  directly  below  the 
indicators  on  the  anti-icing  panel  (see  figure  14),    They  are  used  to 
verify  an  overheat  condition.    This  means  for  example  if  the  left  outboard 
wing  temperature  indicator  is  in  the  overheat  range,  then  the  left 
outboard  wing  overheat  light  should  be  on.    This  tells  the  pilot  that  two 
separate  indication  devices  are  saying  the  same  thing  and  that  he  should 
take  che  appropriate  action. 

The  warning  light  only  tells  the  pilot  of  the  overheat  condition; 
he  must  take  the  appropriate  action  to  correct  the  problem.    This  could 
involve  turning  off  the  anti-icing  system  or  closing  the  engine  bleed 
air  valves  and  the  isolation  valves  for  one  or  both  wings. 

The  warning  lights  are  operated  by  separate  warning  thermostats 
found  in  the  leading  edge.    There  are  two  overheat  warning  thermostats 
hookc*  to  each  light. 

Using  two  thermostats  allows  sensing  of  the  temperature  in  two 
different  areas  within  each  section  of  the  leading  edge. 

The  sketch  in  figure  14  shows  the  electrical  circuit  for  one 
warning  light.    All  six  thermostats  are  wired  the  same. 
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Figure  14. 
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Frame  15  (Cont'd) 
in  the  blanks  to  complete  the  following  statements. 

Should  the  temperature  ic  the  leading  edge  exceed  a  safe  operating 
range,  the  pilot  will  be  warned  by  the  overtemperature   


overheat  condition  in  the  leading  edge  is  sensed  by  overheat 


With  the  anti-icing  system  operating,  one  section  of  the  wing 
leading  edge  over  heats.    This  could  be  caused  by  a  malfunctioning 
temperature  control 


During  flight,  to  correct  the  problem  stated  in  question  3  above, 

the  pilot  would  have  to  turn  off  the  ^^^^^ 

system.  '  —  


263 


Figure  15. 
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Answers  to  Frame  15:    1.    warning  light    2.  warning  thermostat 

3.    thermostats       4     wing  anti-icing 

Frame  16 

Figure  15  shows  the  complete  anti-icing  system  for  the  left  wing 
and  empennage.    The  right  wing  is  the  same  as  the  left  wing.    Study  the 
sketch  and  find  each  of  the  parts  that  have  been  discussed  in  the  past 
frames.    Complete  each  of  the  following  statements  using  the  sketch  as 
an  aid. 

1.  The  leading  edge  anti-icing  system  cor tains    anti-icing 

valves . 

2.  Each  empennage  anti-icing  valve  controls  air  for  one  side  of  the 
 stabilizer  and  half  of  the   stabilizer. 

3.  The  leading  edge  overheat  warning  system  contains   

(3,  6,  8,  or  12)  thermostats. 

4.  The  wing  leading  edge  ant i- icing  system  is  divided  into   


and  contains   anti-icing  valves , 


5.  The  wing  anti-icing  switch  controls    (2/4)  anti-icing 

valves . 

6.  During  operation  of  the  leading  edge  anti-icing  system  the  air 
temperature  can  be  monitored  by  the  temperature  . 


7 .  The  six  temperature  inf      tors  are  operated  by  changes  in 

resistance  of  the  temper    are  sensing  located  in  the 

leading  edge. 

8.  An  overheat  condition  in  the  leading  edge  surface  is  indicated 
by  the  overtemperature  . 

9.  A  warm  air  mixture  is  circulated  through  the  leading  edge 
passages  by  the  action  of  the  . 


10.  When  the  wing  leading  edge  anti-icing  switch  is  placed  to  ON  it 
energizes  the   of  the  wing  anti-icing  valves. 

11.  The  anti- icing  valve  is  actuated  open  by     


12.    The  leading  edge  anti-icing  temperature  is  controlled  between 
158°F  and  180°F  by  the  anti-icing   


13.    The  thermostat  assembly  consists  of  a    thermostat 

and  a 
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Answers  to  Frame  16:    1.  six     2.  horizontal- vertical    3.  12 

4.  four  sections ,  4     5,  four       6.  indicators 

7.  bulb    8.  warning  lights    9.  ejector  nozzles 

10.  solenoid    11.  air  pressure    12.  control  thermostat 

13.  mercury  relay 


SECTION  B 

Frame  17 

In  the  past  frames  you  learned  that  the  air  for  anti-icing  is  held 
in  check  by  air  actuated,  solenoid  controlled  valves  and  that  the 
solenoids  are  controlled  by  mercury  type  control  thermostats* 

At  the  time  of  normal  operation  of  the  anti-icing  system,  the 
temperature  of  the  anti-icing  air  in  the  leading  edge  is  shown  on 
temperature  indicators  found  in  the  cockpit . 

Should  the  temperature  in  the  leading  edges  go  past  a  safe 
operating  range,  an  overtemperature  warning  light  will  be  turned  on 
by  overheat  warning  thermostat* 

The  electrical  circuitry  for  this  system  is  shown  in  foldout  1« 
Foldout  1  is  the  laat  page  of  this  text,  please  open  to  this  foldout  now. 

This  sketch  shows  the  anti-icing  valve  solenoids,  anti-icing  control 
thermostats,  overheat  warning  thermostats  and  temperature  sensing  bulbs 
for  each  of  the  six  zones.    Find  each  of  these  parts  on  the  diagram.  Now 
find  the  anti- icing  wing  and  anti-icing  empennage  switches,  the  leading 
edge  temperature  indicators,  and  the  overtemperature  warning  lights. 

The  electrical  circuitry  for  control  of  each  zone  is  the  same.  Let's 
trace  the  circuits  for  the  left  outboard  wing  zone. 

Use  your  RED  pencil  and  draw  the  anti- icing  wing  switch  to  the  ON 
poH.tion.    Trace  from  the  wing  and  empennage  ice  control  circuit  breaker, 
through  the  anti-icing  wing  switch,  and  up  to  pin  A  of  the  left  outboard 
wing  anti-icing  valve  soleno4d. 

Then  trace  through  the  bolenoid  to  pin  B  and  then  down       the  top 
contact  of  the  anti-icirg  control  thermostat.    Trace  through   wne  thermo- 
stat relay  to  ground. 

T.iis  circuit  will  energize  the  solenoid,  permitting  the  anti-icing 
valve  to  open  if  air  pressure  is  available*  Note  that  the  circuit  from 
the  wing  anti-icing  switch  powers  each  of  the  wing  anti-icing  solenoids 
in  the  same  way. 

With  your  red  pencil  trace  from  the  junction  below  the  solenoid  to 
point  X  and  down  to  the  thermostat  relay  coil.  Trace  through  the  relay 
coil  to  the  180°F  contact. 

Since  the  mercury  is  down,  this  is  an  open  circuit  and  we  have  only 
a  voxtage  potential.    As  the  temperature  reaches  180°F,  the  mercury  will 
complete  the  circuit,  energizing  the  reley.    This  opens  the  ground  circuit 
to  the  solenoid  which  closes  the  valve. 
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Frame  17  (Cont'd) 


Using  your  BLUE  pencil,  trace  the  overheat  warning  light  circuit 
for  the  left  outboard  wing. 

Start  by  tracing  from  the  wing  and  empennage  overheat  light  circuit 
breaker  to  the  left  outboard  wing  overtemperature  warning  light.  Then 
trace  from  the  overtemperatura  warning  light  to  pin  A  on  each  of  the 
overheat  warning  thermostats. 

If  either  thermostat  contact  closes,  due  to  an  overheat  condition, 
it  will  complete  the  circuit  to  ground,  which  will  turn  on  the  warning 
light.    Again  note  that  the  circuits  for  all  six  lights  are  che  same 
and  operate  in  the  same  way. 

Using  your  GREEN  pencil,  trace  the  circuit  for  the  left  outboard 
wing  temperature  indicator. 

Start  by  tracing  from  the  wing  and  empennage  temperature  indicator 
circuit  breaker  to  the  left  outboard  wing  temperature  indicator. 

Then  trace  from  the  indicator  to  pin  A  of  the  left  outboard  wing 
sensing  bulb.  Continue  tracing  through  the  sensing  bulb  to  pin  B  and 
ground • 

Remember  from  Frame  14  that  the  resistance  of  the  sensing  bulb  will 
vary  with  the  changes  in  temperature.    This  change  in  resistance  will 
change  the  current  flow  through  the  indicators.    The  change  in  current 
flow  through  the  indicators  will  inform  the  pilot  if  the  system  is 
operating  normally,  is  inoperative,  or  is  in  an  overheat  condition. 
Notice  that  all  six  indicator  circuits  are  the  same. 


Fill  in  the  blanks  to  complete  the  following  statements. 
1.      The  overtemperature  warning  lights  are  turned  on  by 


2.  The  anti-icing  control  thermostat  controls  the  anti-icing  valve 

 by  opening  and  closing  the   

circuit  to  the  solenoid. 

3.  The  anti-icing  control  thermostat  consists  of  a   

and  a  type  thermostat. 
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Answers  to  Frame  17:    1.    overheat  warning  thermostat 

2.    solenoid ,  ground 
 3.    relay,  mercury  


Frame  18 

PERFORMANCE  EXERCISE 


On  foldout  1  there  are  15  circled  numbers.    These  numbers  indicate 
troubles,  either  in  a  circuit  or  a  part.    The  numbers  that  point  to  a  part 
mean  that  the  part  could  have  a  short  or  an  open  circuit  on  the  inside. 
Each  number  may  be  used  once,  more  than  once,  or  not  at  all. 

The  statements  below  give  the  condition  for  a  trouble  in  the  system. 
Read  the  statement,  then  analyze  the  sketch  to  determine  the  possible 
cause.    Place  the  number  of  the  trouble  that  could  cause  this  condition 
in  the  blank  provided. 


1.    The  tight  inboard  wing  over temperature  warning  light  comes  on 
with  the  anti-icing  system  OFF. 


2.    With  the  anti-icing  switches  ON,  the  right  stabilizer  and  fin 
base  temperature  indicator  shows  Inoperative. 


3.    With  both  anti-icing  switches  ON,  the  wing  system  operates 
normally,  but  the  empennage  system  fails  to  operate. 


4.  During  operation  of  the  anti-icing  system,  the  left  stabilizer 
and  fin  tip  temperature  indicator  goes  to  overheat  and  the 
warning  light  comes  on. 

5.  With  the  anti-icing  system  turned  ON,  the  left  stabilJ  and 
fin  tip  anti-icing  valve  fails  to  open. 

6.  During  operation  of  the  anti-Icing  system,  the  right  inboard 
wing  temperature  indicator  shows  OVERHEAT,  and  the 
uvertemperature  warning  light  comes  on. 


7.    During  operation  of  the  system,  the  right  outboard  wing 
temperature  indicate ;  shows  OVERHEAT  and  the  warning  light 
comes  on. 


8.    During  flight,  the  right  outboard  wing  temperature  indicator 
shows  an  overheat  condition  has  occurred  but  the  warning  light 
does  NOT  come  on. 


9.  The  right  inboard  wing  temperature  indicator  shows  inoperative 
with  the  wing  anti-icing  switch  ON.  Visual  inspection  reveals 
an  ice  buildup  on  the  right  inboard  wing. 

10.    During  flight  the  rifeat  inboard  wing  temperature  indicator  shows 
inoperative  with  the  anti-icing  switches  ON.    Visual  inspection 
reveals  NO  ice  buildup  on  the  right  Inboard  wing. 

HAVE  GRADED  BY  INSTRUCTOR. 


Instructor's  Signature 
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Frame  19 


At  this  point  you  should  know  how  a  leading  edge  anti-icing 
system  works.    But  your  tasks  as  a  maintenance  mechanic  demands 
that  you  keep  this  system  working  right.    So  the  next  points,  we  need 
to  look  at  are  the  inspection  and  maintenance  procedures: 

Inspection  of  the  system  takes  in  a  visual  inspection  for  cracks 
in  the  ducting,  corrosion,  loose  connections,  or  any  signs  of  leaks. 

The  insulation  should  be  checked  for  being  secure  and  to  make  sure 
there  are  no  tears.    The  system  should  be  checked  to  make  sure  the 
parts  are  working  right . 

The  system  can  be  checked  for  operation  while  the  aircraft  is  on 
the  ground  by  looking  at  the  temperature  indicators  for  a  temperatur' 
rise.    Most  technical  manuals  will  caution  you  not  to  operate  an 
anti-icing  system  for  more  than  30  seconds  while  the  aircraft  is  on 
the  ground. 

Since  there  is  no  airflow  over  the  leading  edge  surfaces,  such  as 
there  is  in  flight,  leaving  the  anti-icing  system  on  for  more  than 
30  seconds  could  damage  the  leading  edge  by  warping  the  skin. 

The  general  procedures  for  performing  an  operational  z\  c  k  are  as  follows: 

1.  Make  sure  all  systems  using  bleed  air  are  OFF. 

2.  Apply  bleed  air  to  the  sj'stem  using  either  the  GTC,  ground 
air  cart,  or  engines. 

3.  Place  the  wing  and  empennage  anti-icing  switches  to  ON. 
Look  at  the  bleed  air  pressure  gage  as  the  switches  are 
turned  on.    The  bleed  air  pressure  should  drop  indicating 
that  the  valves  are  opening. 

4.  Look  at  the  anti-icing  temperature  indicators.    The  temperature 
indicators  should  show  a  temperature  rise  of  approximately  the 
same  amount  on  all  indicato  s.    If  one  indicator  does  not  show 

a  temperature  rise,  then  it  tfill  be  necessary  to  check  the  valve 
in  that  specific  location. 

The  operational  check  procedures  are  used  to  find  out  if  the 
valves  will  open.    It  does  not  check  thermostat  operation.    Keep  in 
mind  that  the  procedures  given  are  general  concepts  only. 

NOTE:    Before  doing  any  maintenance  on  an  aircraft,  you  must 
always  refer  to  the  applicable  technical  manual  for  the 
correct  procedure  and  to  determine  specifically  what  must 
be  done. 
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Frame  19  (Cont'd) 


The  repair  procedures  depend  on  the  cause  for  the  specific 
problem.    If  a  valve  fails  to  operate  properly,  you  will  have  to 
find  out  the  cause  through  troubleshooting.    In  most  cases  the 
problem  will  be  due  to  a  defective  "alve  or  thermostat.    This  would 
require  replacement  of  the  defective  part.    Again,  it's  a  must  that 
you  refer  to  the  technical  manual  for  the  correct  removal  and 
replacement  procedures, 

Fill  in  the  blanks  to  complete  the  following  statements. 

1.     When  performing  a  ground  operational  check,  anti-icing  valve 
operation  is  indicated  by  a  temperature  rise  on  the 


2.  The  maximum  time  for  operating  the  au_i- icing  system  while 
the  aircraft  is  on  the  ground  is   • 

3.  To  determine  procedures  for  operational  checking  or  repairing 
the  anti-icing  system,  you  should  refer  to  the  aircraft 
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Answers  to  Frame  19:    1.    temperature  Indicators     2.    30  seconds 

3.    technical  manual 


Frame  20 

Place  a  T  or  F  in  the  Blank  to  identify  the  statements  that  are  either 
true  or  false. 

 1.      Each  section  of  the  wing  leading  edge  anti-icing  system 

has  an  anti-icing  shutoff  valve. 

 2.      The  wing  anti-icing  switch  controls  four  valves. 

 3.      During  flight,  air  can  be  supplied  for  anti-icing 

by  the  GTC. 

 4.      When  the  leading  edge  anti-icing  valve  solenoids  are 

energized  the  valve  will  be  open. 

 5.      The  wing  leading  edge  anti-icing  valves  are  solenoid 

controlled  and  pneumatically  actuated. 

 6.      During  anti- icing  operation,  the  temperature  of  the 

leading  edge  is  controlled  by  a  mercury  thermostat. 

 7.      An  overheat  condition  of  the  leading  edge  is  indicated 

by  the  temperature  indicator  and  by  warning  lights . 

 8.      The  anti- icing  systems  should  never  be  operated  for  more 

than  30  seconds  when  the  aircraft  is  on  the  ground. 

 9.      To  perform  an  operational  check  of  the  anti-icing  systems, 

you  should  follow  the  steps  given  in  the  technical  manual. 

 10.      During  operation  of  the  anti-icing  system,  the  thermostat 

controls  thy  position  of  the  valve  by  opening  and  closing 
the  solenoid  sround  circuit. 


Answers  to  Frame  20: 


1. 

T 

2. 

T 

3. 

F 

4. 

T 

5. 

T 

6. 

T 

7. 

T 

8. 

T 

9. 

T 

10. 

T 
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-RIGHT  INBO  WING 
SENIIW^cNJVCRHEAT  WARNING 


-RIGI-T  OUTBD  WING- 


SENSING      OVERHEAT  WARNING 

BULB  THERMOSTATS  SOLENOID 


OVERHEAT  WARNING     SENSING  SOLENOID 
THERMOSTATS  BULB 

-LEFT  STABILIZER  AND  FIN  TIP  


OVERHEAT  WARNING      SENSING  SOLENOID 
THERMOSTATS  BULB 

— RIGHT  STABILIZER  AND  FIN  BASE  
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OBJECTIVE 


Using  a  wiring  diagram,  specify  four  cut  of  five  given  air  intake 
duct  anti-icing  system  control  circuit  troubles. 

INSTRUCTION 

This  text  presents  material  in  steps  called  frames.    After  **ch 
frame  you  are  asked  to  respond  to  questions  in  some  manner.    Read  the 
material  carefully  and  accomplish  what  each  frame  directs  you  ,o  do. 
The  correct  answers  are  given  at  the  end  of  the  next  frame.    If  you 
have  answered  each  response  correctly  continue  on  to  the  next  frame. 
If  you  are  incorrect,  read  the  material  again  and  correct  your  answer 
before  continuing. 

This  programmed  text  will  cover  the  function  and  operation  of  the 
air  intake  duct  anti-icing  system,  the  system  components,  and  the  ice 
detection  system.    In  addition,  the  location  of  the  switches  on  the 
control  panel  will  be  gone  over,  and  you  will  be  required  to  trace 
through  the  electrical  circuit  to  learn  normal  operation.  Finally, 
you  will  be  required  to  analyze  the  wiring  diagram  and  determine  the 
cause  for  system  troubles  that  you  will  be  given. 

Proceed  or  to  Frame  1. 


Supersedes  ST  3ABR42 j31-PT-208B,  28  August  19*0. 
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DISTRIBUTION:  X 
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Frame  1 


The  previous  text  told  hov  hot  engine  bleed  air  is  used  to  prevent 
ice  from  building  up  on  the  wing  and  empennage  leading  edges.    In  the 
previous  text  we  also  pointed  out  the  various  areas  that  were  anti-iced 
on  a  typical  cargo  aircraft. 

The  sketch  that  was  used  in  the  previous  text  is  shown  again  in 
figure  1  below.    Note  that  item  4  points  to  the  engines.    If  the  aircraft 
flies  into  an  area  where  icing  conditions  are  taking  place,  the  ice  will 
build  up  on  the  engine  air  intake  drcts.    In  fact,  ice  will  build  up  in 
the  engine  inlet  area  sooner  than  on  the  leading  edges.    This  is  due  to 
the  increase  in  air  velocity  at  the  engine  air  intake  which  causes  a 
lower  temperature. 

Any  buildup  of  ice  in  the  engine  air  intake  system  could  be  harmful 
to  engine  operation.    In  this  text  we'll  discuss  how  ice  is  detected  in 
the  air  inlet  and  how  any  buildup  of  ice  is  prevented. 


Figure  1. 
NO  RESPONSE  REQUIRED 
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Frame  2 


Figure  2  below  shows  the  engine  nacelle  and  shows  hew  the  bleed 

air  flows  from  the  engine  to  the  oil  cooler  scoop  and  air  intake  scoop. 

The  bleed  air  is  taken  from  the  last  stage  of  engine  compression.  This 

is  normally  called  the  "engine  inlet  scoop"  anti-icing  system. 

Note  the  arrows  that  show  the  .low  of  air  from  the  bleed  air  tap- 
offs  to  the  air  intake  scoop  area.  Also  note  the  small  arrows  shewing 
the  flow  of  air  through  the  passages  around  the  air  intake  scoop. 


BLEED  AIR 
ENGINE  A 


AIR  INTAKE 


Figure  2. 

Fill  ir.  the  blanks  to  ccmpl  ^te  the  following  statements. 


1.  The  air  for  the  anti-icing  system 
    stage  :f 

2.  The  air  for  anti-icing  the  air  in 


(inlet  air  scoop)  is  caken  from  the 
(  ngin^  compression. 

ake  scoop  is  circulated  through 
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Frame  3 


A  solenoid  controlled,  air  actuated  valve  is  used  to  control  air 
flow  to  the  air  intake  and  oil  cooler  scoops.    Figure  3  shows  the  engine 
air  intake  and  oil  cooler  scoop  anti-icing  val^e.    Reference  point  A  in 
the  illustration  shews  the  location  of  this  valve  in  the  system.  This 
valve  is  normally  called  the  "engine  inlet  scoop  aati-icing  valve." 

There  is  one  feature  about  the  engine  inlet  scoop  anti-icing  valve 
that  is  different  from  other  valves  that  you've  studied.    On  this  valv*» 
the  solenoid  is  energized  to  close  the  valve,  and  deenergized  to  open 
the  valve.    This  is  called  a  fail-safe  valve.    That  is,  if  there  is  an 
electrical  power  failure  the  valve  will  open.    This  feature  insures 
anti-icing  of  the  scoops  even  with  an  electrical  power  failure. 


4 

Figure  3. 


Frame  3  (Contfd) 

Fill  in  the  blanks  to  complete  the  following  statements. 

1.      Air  for  ant i- icing  the  engine  air  intake  is  ccntolled  by  the  engine 

valve. 


2.  Opening  and  closing  of  the  engine  inlet  scoop  anti-icing  valve  is 
controlled  by  a  i  . 

3.  When  the  engine  inleu  scoop  cnti- icing  valve  is  closed,  the  solenoid 
is    (energized/deenergized) . 


Answers  to  Frame  2:    1.    last        2.  passages 
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Frame  4 


Another  area  in  the  air  intake  duct  where  ice  can  build  up  is  the 
guide  vanes,    Figure  4  shows  the  guide  vane  anti-icing  system.  Detail 

shows  the  inlet  vane  anti-icing  valve,  and  detail  C  shov«*  the  inlet 
vane  anti-icing  sjlenoid  valve.    Note  the  reference  points  showing  the 
location  of  these  units  on  the  engine. 

There  are  two  inlet  vane  anti-icing  valves  for  each  engine.  One 
valve  is  located  on  each  side  of  the  engine  as  shown  in  detail  D.  The 
same  solenoid  controls  both  valves. 

Detail  D  shows  the  guide  vane  and  flow  of  air  through  the  vanes. 
The  guide  vanes  direct  the  flow  of  ram  air  to  the  sx^lvie  compressor. 
Any  buildup  of  ice  on  the  vanes  could  cause  engine  failure. 


Figure  4. 


7 


*  282 

ERLC 


Frame  4  (Cont'd) 

Fill  in  the  blanks  to  complete  the  following  statements* 

1*      Ice  is  prevented  from  accumulating  on  the  engine  guide  vanes  by 

circulating  hot  through 

the  vanes* 

2.      The  unit 8  that  control  air  for  guide  vane  anti-icing  are  the  inlet 
vane  anti-icing  valve  and  the  inlet  vane 


Answers  to  Frame  3:    1.    inlet      scoop      ant i- icing 

2.  solenoid 

3.  energized 
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Frame  5 


The  inlet  vane  anti-icing  solenoid  valve  controls  the  on  and  off 
action  of  the  guide  vane  anti-icing  system.    The  bleed  air  from  the 
14th  (last)  stage  is  directed  to  the  anti-icing  air  valve  as  shown  in 
the  illustration  below. 

When  the  solenoid  is  energized,  a*  shown,  the  anti-icing  valve  is 
held  closed  by  the  pressure  of  the  bleed  air.    When  the  solenoid  is 
deenerg'.zed  it  opens  a  vent  port  that  vents  the  pressure  from  the  poppet 
in  the  anti-ir.ing  air  valve,  thus  allowing  the  valve  to  open.    The  14th 
stage  bleed  air  can  now  flow  to  the  guide  vanes. 


Figure  5. 

Fill  inthe  blanks  to  complete  the  following  statements. 

1.      The  guide  vane  anti-icing  air  valve  is  controlled  by  the  anti-icing 


2.  Deenergizing  the  anti-icing  solenoid  valve  opens  a  port, 

3.  When  the  anti-icing  solenoid  valve  is  energized,  the  anti-icing  air 
valve  will  be    (open/closed)  . 


Answers  to  Frame  4:    1.    bleed  air  2,    solenoid       anti-icing  valve 
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Note:    As  we  begin  describing  each  component  and  trace  the  current  flow 
through  this  circuit,  you  will  notice  we  have  attempted  to  simplify  come 
of  the  nouns  of  the  different  components.    Many  of  the  descriptive  nouns 
have  been  cut  uown,  for  example:    "prop  and  engine  anti-icing  master  switch11 
will  become  "the  master  switch,"  and  "engine  air  anti-icing  relay"  has 
become  simply  "the  anti-icing  relay •"    In  this  way  we  hope  to  ;  revent  any 
unnecessary  confusion. 

Frame  6 

The  engine  inlet  air  duct  and  vane  anti-icing  system  can  be  controlled 
either  automatically  or  manually. 

The  MASTER  SWITCH  controls  the  manual  or  automatic  selection.  ANTI-ICING 
SWITCHES  control  the  on  and  off  selection  of  the  anti-icing  valves. 

Placing  the  MASTER  SWITCH  in  AUTO  and  the  ANTI-ICING  SWITCHES  ON,  the 
anti-icing  valves  will  be  closed,  until  an  icing  condition  occurs.    Then  th^  ice 
detection  system  will  open  the  anti-ice  valves. 

Notice  the  Master  Switch  in  figure  11.    This  same  switch  is  also  shown  in 
illustrations  A,  B,  and  C  below.    This  is  a  three  position  switch.    The  positiors 
ar<  MANUAL,  AUTO,  and  RESET. 

Illustration  A  shows  the  switch  in  manual  position.  Notice  that  the  switch 
armature  is  down.  By  looking  at  figure  11,  you  will  see  that  this  directs  power 
to  the  reset  relay  coil. 

Illustration  B  shows  the  switch  in  the  AUTO  position.  In  this  position  t  \e 
switch  simply  opens  the  circuit  to  the  reset  relay  coil.  This  permits  the  reset 
relay  to  remain  deenergized. 

The  third  position  on  the  switch  is  RESET.    This  is  snown  in  illustration 
C.    Notice  the  contact  for  the  reset  position  is  triangular  shaped.    This  means 
the  switch  is  spring  loaded  from  this  position,  or  that  ijt  must  be  held  in  this 
position. 


MASTER 


SWITCH  YRESET  YRESET  wRESET 


#AUT0  Oc=a0AUTO  #AUTO 


° MANUAL  O MANUAL  O MANUAL 

A.  B.  C. 

Figure  6. 

Fill  in  the  blanks  to  complete  the  following  statements. 

1.  Manual  or  Auto  operatior  of  the  engine  air  intake  duct  anti-icing 
system  is  selected  by  using  the   • 

2.  When  the  master  switch  contacts  are  in  the  center  position,  anti-icing 
va'ves  will  be  controlled   (automatically /manually ) . 

Answers  to  Frame  5:    1.    solenoid    valve    2.    vent    3.  closed 
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Frame  7 


Figure  7  shows  the  electrical  schematic  of  .the  engine  inlet  air 
duct  and  vane  anti-icing  system.    Remember,  when  the  system  is  off,  the 
solenoids  are  energized,  and  when  ON  the  solenoids  are  deenergized. 
Let1 8  follow  the  circuits  for  anti-icing  control  for  number  1  engine 
to  see  how  this  system  is  controlled  manually. 

Follow  the  diagram  as  you  read. 

Placing  the  master  switch  to  manual  will  energize  the  reset  relay 
pulling  the  reset  relay's  armature  down.    By  energizing  the  reset  relay  you 
are  opening  the  circuit  which  energizes  the  anti-icing  relay.    The  purpose 
of  deenergizing  the  anti-icing  relay  is  to  take  away  a  second  path  that 
current  could  flow  from  the  anti-icing  valves  across  the  relay  armature. 

Now  that  the  second  path  has  been  taken  away,  you  can  manually  control 
the  anti-ice  valves  by  placing  the  anti-ice  switches  to  either  the  op  or 
off  position.    Notice  that  when  the  switches  are  off  the  anti-ice  valves 
are  energized,  holding  them  closed.    When  the  pilot  places  the  switches  to 
on,  the  valves  are  deenergized  open.    They  are  fail  safe  valves;  in  case  of 
a  loss  of  electrical  power,  they  are  deenergized  open. 

Note:    Not  all  of  the  ice  detection  system  is  shown. 


DE-ICING 


SCOOP  ANTI-ICING  VANE  ANTI-ICING 
SOLENOID  VALVE  SOLENOID 
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Figure  7. 
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Frame  7  (Continued) 

Fill  in  the  blanks  to  complete  the  following  statements. 

1.  When  the  anti-icing  switches  are  off,  the  engine  air  intake  scoop 
anti-icing  solenoid  valve  will  be  . 

2.  The  engine  inlet  air  duct  and  vane  anti-icing  valves  will  be  open 
when  the  solenoids  are  


Answers  to  Frame  6:     1.    master  switch 

2.  automatically 
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Frame  8 


Placing  the  master  switch  to  AUTO  rill  turn  on  the  ice  detection 
system.    With  the  ice  detection  system  operating,  the  anti-icing  switches 
must  be  placed  to  ON,  but  the  valves  vill  cnly  open  when  an  icing 
condition  occurs. 


Find  the  anti-icing  relay  and  the  auto  relay  on  the  sketch  shown 
(figure  8).    When  the  ice  detection  system  is  operating,  with  no  ice,  the 
auto  relay  is  deenergized  and  completes  the  circuit  to  the  anti-icing  relay. 
This  keeps  the  relay  energized,  and  pulls  the  armatures  down.    This  circuit 
is  in  a  no  ice  condition.    Keep  in  mind  that  anti-icing  control  of  all 
four  engines  is  the  same.    Note  that  in  the  no  ice  condition,  the  electrical 
circuit  is  complete  to  the  solenoids. 

When  an  icing  condition  takes  place,  the  ice  detection  system  will  cause 
the  auto  relay  to  energize.    This  opens  the  circuit  to  the  anti-icing  relay 
causing  it  to  deenergize.    This  will  deenergize  the  solenoids  opening  the 
valves.    This  results  in  heat  being  applied  to  the  engine  inlet  scoop  and 
oil  cooler,  to  melt  the  ice. 

NOTE:    Not  all  of  the  ice  detection  system  is  shown. 


DE-ICING 


* 


I  I 

ANTI- ICING 
CONTROL  PANEL 


SCOOP  ANTI-ICING 
SOLENOID  VALVE 


VANE  ANTI-ICING 
SOLENOID  VALVE 
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Figure  8. 
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Frame  8  (Continued) 

Fill  in  the  blanks  to  complete  the  following  statements. 

1.  With  the  master  switch  in  AUTO,  and  a  no  ice  condition*  the 
anti-icing  relay  will  be   . 

2.  When  the  anti-icing  relay  is  energized,  the  anti-icing  valves 
will  be    (opened/closed). 

3.  The  anti-icing  relay  is  controlled  by  the  

  system. 


Answers  to  Frame  7:     1,    energized  2,  deenergized. 
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Frame  9 


Select  the  component  name  from  column  B  that  matches  the  statement 
given  in  column  A.    Place  the  letter  of  the  matching  component  in  the 
Dlank  space  provided. 


Column  A 


Column  B 


1. 


2. 


3. 


4. 


Controls  the  inlet  vane  A. 
anti-icing  valves. 

Controls  the  automat i    ^nd  B. 
manual  selection  of  the 
anti-icing  system.  C. 

Directs  14th  stage  air  to 
passages  in  the  guide  >ranes.  D. 


Directs  14th  stage  air  to 
passages  in  the  air  intake 
scoop. 


E. 


Engine  air  intake  end  oil 
cooler  scoop  anti-icing  valve. 

Inlet  vane  anti-icing  valve. 

Inlet  vane  anti-icing  solenoid 
valve . 

Master  switch. 
Anti-Icing  switch. 


Answers  to  Frame  8:     1.  energized 


2.  closed 


3.    ice  detection 
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Frame  10 


The  ice  detection  system  is  used  as  an  automatic  control  for  the 
engine  inlet  air  anti-icing  system.    That  is,  it  will  automatically  open 
the  engine  inlet  scoop  and  guide  vane  anti-icing  valves  when  an  icing 
condition  takes  place.    Keep  in  mind  that  this  system  does  not  control 
the  wing  or  tail  leading  edge  anti-icing  system. 

The  ice  detection  system  consists  of  one  detection  unit,  one 
interpreter,  one  auto  relay,  a  warning-icing  condition  li£ht,  and  a 
no  ice  light.    The  detector  and  interpreter  are  the  two  major  components 
(see  figure  9). 

The  interpreter  is  found  on  the  ice  detection  panel.    The  detector  is 
found  in  number  2  engine  nacelle.    The  probe  of  the  detector  unit  goes  through 
the  nacelle  and  into  the  inlet  air  duct  just  in  front  of  the  engine. 


PROBE 


r "  rDETECTORn  I 
|    |  THERMOSWITCH 


CASE  HEATER 


PRESSURE 
SWITCH 


PROBE 
HEATER 


ICING 
INTERPRETER 

ENG  N0.2 


NAC  NO  2- 


Figure  9. 

Fill  in  the  blanks  to  complete  the  following  statements, 

1.      The  ice  detection  system  controls  the  opening  of  the 

and   


anti-icing  valves, 


2.  The  two  major  components  of  the  ice  detection  system  are  the 

and   • 

3.  The  ice  detector  is  located  in  the  inlet  scoop  of  engine  number 


Answers  to  Frame  9:       C    1.        D    2.        B    3.        A  4. 
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Frame  11 


The  detector,  shown  in  figure  10,  is  made  up  of  the  probe,  probe  heater, 
a  pressure  sensitive  switch,  a  case  heater,  and  a  thermoswitch,  the  probe, 
extending  into  the  inlet  air  scoop,  senses  the  pressure  of  the  incoming  ram  air. 
If  there  is  no  ice,  the  opening  to  the  probe  is  open  and  the  pressure  of  the 
incoming  ram  air  is  passed  on  to  the  pressure  switch.    This  pressure  will  keep 
the  pressure  switch  armature  in  the  no-ice  position.    An  airspeed  of  40  knots 
or  above  (or  by  operating  the  engine)  will  provide  enough  air  pressure  to 
actuate  the  switch  to  a  no-ice  condition. 

The  case  heater  and  the  thermoswitch  maintain  temperature  between  55 
degrees  and  75  degrees  F  in  the  detector  unit.    This  prevents  moisture  from 
accumulating.    The  thermoswitch  reacts  to  air  temperature.    If  the  temperature 
exceeds  75  degrees  F,  the  switch  contacts  will  contract  and  open.    If  the 
temperature  is  below  75  degrees  F,  the  switch  contacts  will  expand  and  close, 
completing  the  circuit  to  the  heater. 


rPETECTOR-i 


THERMOSWITCH 

/V 

CASE  HEATER 

NO- ICE. 
+  ENG  RUN 


ICE  OR 
ENGINE 
STOPPED 
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PROBf 
HEATER 

A/w-{|i 


PROBE 


1 — NAC  NQ2— ' 
Figure  10. 

When  the  aircraft  flies  into  an  icing  condition,  the  ice  will  form  over  the 
opening  in  the  probe.    This  will  stop  the  pressure  that  goes  to  the  pressure 
switch.    The  switch  armature  will  move  down  to  the  ice  or  engine  stopped  position, 
This  will  apply  a  voltage  potential  at  point  B,  energizing  the  power  relay.  This 
pulls  its  armature  down,  applying  a  voltage  potential  at  junction  5. 

This  will  energize  the  15  second  time  delay.    The  time  delay  consists  of  a 
heater  and  a  thermoswitch.    If  the  heater  is  energized  for  more  than  15  seconds, 
it  will  build  up  enough  heat  to  open  the  time  delay  thermoswitch.    This  is 
abnormal  operation.    If  this  happens,  all  automatic  operation  will  be  lost. 

The  voltage  potenital  would  also  be  applied  to  junction  6,  energizing  the 
probe  heater.    The  probe  heater  then  starts  heating  to  melt  the  ice  from  the 
probe.    While  flying  in  an  icing  condition,  the  pressure  switch  is  cycling  from 
ice  or  engine  stopped  to  no  ice  engine  run.    It  does  this  because  the  probe  is 
alternately  heated  by  the  probe  heater  and  then  iced  again.    This  causes  the 
pressure  switch  armature  to  move  up  and  down,  opening  and  closing  the  circuit 
to  the  power  relay  coil  at  intervals  of  less  than  15  seconds.    This  will  also 
energize  and  deenergize  the  time  delay  at  intervals  of  less  than  15  seconds; 
this  is  normal  operation. 
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Frame  11  (Continued) 

Mil  in  the  blanks  to  complete  the  following  statements. 

1.  The  detector  consists  of  a   ,  pressure   

 heater,  and   heater, 

2.  The  detector  detects  ice  by  sensing  air   


Answers  to  Frame  10:     1.    engine  inlet  scoop,  guide  vane 

2.  detector,  interpreter 

3.  2 
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We'll  start  circuit  tracing  with  manual  operation  first.    On  figure 
11,  using  an  orange  pencil,  draw  the  master  switch  armature  to  the 
MANUAL  position.    Trace  from  the  deicing  circuit  breaker  to  the  master 
switch. 

Trace  through  the  master  switch  armature  to  the  reset  relay  coil. 
When  the  master  switch  is  in  manual,  the  reset  relay  is  energized. 
Without  tracing,  follow  the  circuit  from  the  DE-ICING  circuit  breaker  to 
the  top  armature  of  the  reset  relay.    Notice  that  when  the  relay  is 
deenergized,  there  is  a  completed  circuit  that  goes  to  the  anti-icing 
relay  coil. 

Froir  this  we  can  see  that  when  the  master  switch  is  in  manual,  the 
anti-icing  relay  is  deenergized  and  when  the  master  switch  is  in  Auto, 
the  anti-icing  relay  will  be  energized. 

Keep  in  mind  that  when  the  anti-icing  switches  are  off,  the  solenoids 
will  be  energized.    We'll  trace  the  circuit  for  the  valves  in  No.  1  engine. 
You  can  then  notice  that  the  circuits  for  the  other  three  engines  are 
identical. 

With  an  orange  pencil,  trace  from  the  ANTI-ICE  No.  1  and  2  circuit 
breaker  to  the  No.  1  anti-icing  switch.    With  the  switch  in  OFF,  trace  across 
the  armature  to  the  No.  1  engine  scoop  anti-icing  solenoid  valve  and  to  the 
vane  anti-icing  solenoid  valve. 

This  energizes  rhe  solenoids,  keeping  the  valves  closed.  If  we  place 
the  switch  to  ON,  we'll  open  the  circuit,  deenergizing  the  solenoids,  thus 
permitting  the  valves  to  open. 

Fill  in  the  blanks  to  complete  the  following  statements. 

!•      The   is  used  to  select  AUTO  or  MANUAL 

operation. 

2.  When  the  master  switch  is  in  manual  the  reset  relay  is   

(energized/ deenergized) . 

3.  The  anti- icing  relay  is  deenergized  when  the  reset  relay  is 
  (energized/deenergi2ed) . 

4.  For  manual  opeiation  the  anti-icing  relay  is 
(energized/ deenergized) . 


Answers  to  Frame  11:    1.    prote,  switch,  thermoswitch,  case,  probe 

2 .  pressure 
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Frame  13 


Before  we  trace  the  circuits  for  automatic  operation,  locate  the 
following  items  on  figure  11,  at  the  back  of  this  text. 

1.  Detector 

a.  Case  heater 

b.  Probe  heater 

c.  Press  switch 

2 .  Interpreter 

a.  Arming  relay 

b.  Power  relay 

c.  Time  delay 

d.  Time  delay  heater 

3 .  No-ice  relay 

4.  No-ice  light 

5.  Warning  icing  condition  light 

6.  Auto  relay 

We'll  start  by  tracing  the  power  potential  that  will  exist  when  clectrica 
power  is  first  put  on  the  aircraft.    We'll  trace  the  circuits  with  the  master 
switch  in  AUTO  and  the  anti-icing  switches  ON. 

With  a  red  pencil,  draw  the  master  switch  in  AUTO  and  the  anti-icing 
switches  to  ON.  Note  that  with  the  master  switch  in  AUTO  the  reset  relay 
will  be  deenergized. 

Start  to  trace,  in  red,  the  circuit  wire  from  the  deicing  circuit  breaker 
through  the  top  armature  of  the  reset  relay,  aid  through  the  bottom  armature 
of  the  AUTO  relay.    Then  trace  to  the  anti-icing  relay  coil.    This  will 
energize  the  anti-icing  relay  coil,  pulling  the  armatures  down.    Also,  trace 
the  armatures  down  in  red. 

Starting  at  the  ENG  ANTI-ICING  NO.  1  and  2  circuit  breaker,  trace  to 
point  A.    Then  from  point  A,  trace  the  circuit  to  the  bottom  armature  of  the 
anti-icing  relay.    From  this  relay  armature,  trace  the  circuits  to  the  scoop 
anti-icing  solenoid  valve  and  to  the  vane  anti-icing  solenoid  valve.  This 
will  keep  the  solenoids  energized.    Notice  that  to  deenergize  the  solenoids 
(open  the  valves)  it  will  be  necessary  to  deenergize  the  anti-icing  relay. 
Also  notice  that  for  the  system  to  operate  in  AUTO,  the  engine  anti-icing 
switches  must  be  placed  to  on. 


Frame  13  (Continued) 


With  the  red  pencil,  trace  from  the  LH  ICE  DETECTOR  CIF.CUIT  breaker  to 
junction  #1.    Then  trace  down  to  the  arming  relay  and  power  relay  contacts. 
Now  go  back  to  junction  #1  and  trace  from  junction  #1  to  junction  #3. 
Next  trace  from  junction  #3  to  the  detector  thermoswitch  down  to  the  no 
ice  engine  run  pressure  switch  contact. 

Since  the  engines  are  not  running,  this  switch  will  be  in  the  ICE  OR 
ENGINE  STOPPED  position.    These  circuits  provide  the  voltage  potential  to  arm 
the  system  once  the  engines  are  started. 

Fill  in  the  blanks  to  complete  the  following  statements. 

^      berplagedytoem  t0  °Perate  ln  *gjfr0jft.  "«-lcfg  switches  must 

2.  During  automatic  operation,  the  reset  relay  will  be   

(energized/deenergized) . 

3.  With  the  master  switch  in  AUTO,  when  electrical  power  is  first  applied 
to  the  aircraft,  the  anti-icing  valve  solenoids  will  be   . 


4.  When  electrical  power  is  first  applied  to  the  aircraft,  if  the  temperature 

in  the  detector  is  below  55  degrees  F  the  case  heater   

(will/will  not)  operate. 

5.  When  the  solenoids  are  energized,  the  valves  are    (closed/open). 


Answers  to  Frame  12:     1.  master  switch 

2.  energized 

3.  energized 
A.  deenergized 
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Frame  14 


The  next  step  in  our  sequence  is  the  engine  run  condition.  When 
the  inboard  engine  (No.  2)  is  started,  the  air  pressure  in  the  engine  air 
intake  will  be  sufficient  to  move  the  pressure  switch  armature  to  the 
NO-ICE  ENGINE  RUN  position. 

Using  a  blue  pencil,  draw  the  pressure  switch  armature  to  NO-ICE  ENGINE 

RUK. 

With  the  blue  pencil,  trace  from  the  pressure  switch  contact  NO-ICE  ENGINE 
RUN  to  junction  #4. 

From  junction  //4,  trace  through  the  time  delay  thermoswi'^ch  contact  to 
the  arming  relay  coil.    This  will  energize  the  arming  relay. 

Draw  the  arming  relay  armature  down.    Now  go  back  to  the  LH  ice  detection 
circuit  breaker.    Trace  from  the  circuit  breaker  to  junction  #1,  then  down  to 
junction  #2.    Then  trace  across  the  arming  relay  armature  back  to  junction  #4. 

From  junction  #4  trace  back  through  the  arming  relay  coil.    This  forms 
a  holding  circuit  which  will  keep  the  arming  relay  energized  regardless  of 
the  position  of  the  pressure  switch  armature. 

With  the  blue  pencil,  trace  from  junction  #4  down  to  the  top  armature 
of  the  auto  relay.    This  provides  a  voltage  potential  at  this  point  that 
will  be  used  when  ice  is  detected,  to  form  another  holding  circuit.  This 
circuit  will  be  explained  later  in  this  workbook. 

Fill  in  the  blanks  to  complete  the  following  statements. 

1.  When  the  pressure  switch  moves  from  the  engine  stopped  position  to  the 
engine  run  position,  the  ice  detection  system  will  be   . 

2.  Afver  the  arming  relay  closes,  it  will  be  held  in  this  position  by  the 


Answers  to  Frame  13:    1.  on 


2. 
3. 
4. 
5. 


deenargized 
energized 
will 
closed 
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Frame  15 


If  an  actual  icing  condition  is  encountered  (during  flight),  ice  will 
form  over  the  probe.  This  will  cause  the  pressure  switch  armature  to  move 
to  the  ICE  or  ENGINE  STOPPED  position. 

Using  a  GREEN  pencil,  trace  the  pressure  switch  armature  to  the  ICE 
or  ENGINE  STOPPED  position.    With  the  green  pencil,  trace  a  dashed  line  from 
the  pressure  switch  armature  to  the  power  relay  coil.    This  will  energize 
the  power  relay.    Draw  the  power  relay  armature  closed.    Then  trace  a  dashed 
line  from  the  power  relay  armature  to  junction  #5.    From  junction  5,  trsce  a 
dashed  line  to  junction  #8,  then  to  junction  //9.    Then  trace  down  and  across 
the  bottom  armature  of  the  reset  relay  to  junction  //ll,  then  to  the  AUTO 
relay  coil.    Now  go  back  to  junction  //ll  and  trace  to  the  warning  icing 
condition  light.    This  circuit  turns  on  the  warning  light  to  inform  the 
pilot  of  the  icing  condition,  and  also  energizes  the  auto  relay. 

NOTICE  that  when  the  auto  relay  is  energized,  it  opens  the  circuit  going 
to  the  anti-icing  relay.    Remember,  when  the  anti-icing  relay  is  deenergized 
during  automatic  operation,  it  permits  the  anti-icing  valves  to  open. 

Go  back  to  junction  //6  and  trace  a  dashed  green  line  to  the  probe  heater. 
Also  trace  from  junction  //7  to  the  no-ice  relay  coil.    These  circuits  provide 
power  to  the  probe  heater  and  to  the  no-ice  relay,  whenever  the  power  relay  is 
energized. 

You're  probably  wondering  why  the  dashed  green  line.    Part  of  this  circuit 
1s  a  cycling  circuit.    The  probe  heater  is  wound  around  the  probe.  When 
electrical  current  flows  through  the  heater,  it  will  melt  the  ice  from  the 
probe.    This  means  that  when  ice  forms  over  the  probe,  the  pressure  switch 
armature  moves  to  the  ice  position  which  energizes  the  power  relay.    This  in 
turn  completes  the  circuit  to  the  probe  heater  which  melts  the  ice  from  the 
probe.    It  normally  takes  the  probe  heater  less  than  15  seconds  to  melt  the 
ice  frcm  the  probe.    When  this  happens,  the  pressure  switch  armature  moves  to 
the  NO-ICE  position  which  deenergizes  the  power  relay.    This  opens  the  circuit 
going  to  the  probe  heater  which  permits  the  ice  to  again  form  over  the  probe 
and  starts  the  process  all  over  again. 

In  the  course  of  normal  operation,  the  power  relay  should  at  not  time  stay 
energized  for  more  than  15  seconds.    If  it  should  stay  energized  for  more  than 
15  seconds,  the  time  delay  unit  in  the  interpreter  will  dearm  the  system. 

Let's  see  how  this  will  take  place.    Note  that  when  the  power  relay  is 
energized,  a  voltage  potential  is  new  at  junction  5,  energizing  the  time  delay. 
The  time  delay  has  a  heater  in  it.    If  current  flows  through  the  heater  for  more 
than  15  seconds  it  will  cause  enough  heat  which  will  open  the  time  delay  thermal 
switch,  which  will  open  the  holding  circuit  that  is  keeping  the  arming  relay 
energized.    This  supplies  the  voltage  potentials  needed  for  automatic  operation 
of  the  ice  detection  system. 

This  will  open  the  circuit  through  the  arming  relay  which  turns  the  system 
off.    The  system  will  stay  eff  until  the  pressure  switch  moves  back  to  the  NO- 
ICE  ENGINE  RUN  position  which  will  rearm  the  system.    This  would  be  an  abnormal 
operation  which  could  be  caused  by  a  trouble  such  as  an  inoperative  probe  heater. 
If  this  does  happen,  all  automatic  operation  will  be  lost. 
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Frame  15  (Continued) 


Also  notice  that  the  circuit  going  to  the  no-ice  relay  will  also 
cycle  for  the  same  reason  the  power  relay  cycles,  causing  the  no-i-e 
relay  to  pulsate.    However,  the  anti-icing  valves  will  not  cycle.  Tbe.y 
will  stay  open.    We'll  see  how  this  is  possible  in  the  next  frame. 

Fill  in  the  blanks  to  complete  the  following  statements. 

1.  If  the  pressure  switch  remains  in  the  ICE  OR  ENGINS  STOFPED  position, 
the  system  will  be  shut  off  by  the  unit. 

2.  During  inflight  operation,  with  the  master  switch  in  AUTO,  the  warning 
icing  condition  light  comes  on,  but  after  15  sc  jnds,  the  light  goes 
out.    This  trouble  could  be  caused  by  a  defective   


3.      The  power  relay  receives  electrical  power  whenever  ice  forms  on  the 


4.  When  the  power  relay  is  energized,  current  will  flow  through  the 

  heater,    relay,   

  light,  and  to  the  auto  relay. 

5.  The  anti-icing  relay  is  controlled  by  the   


Answers  to  Frame  14:     1.    armed         2.  holding  circuit 
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Frame  16 


We've  noted  that  part  of  the  circuit  is  cycling.    Still,  we  want  the 
anti-icing  valves  to  stay  open  and  the  warning  light  to  stay  on  as  long  as 
the  aircraft  is  in  an  icing  condition.    This  it  will  do.    But  let's  see  how. 

We  previously  traced  the  voltage  potential  to  the  top  armature  (blue 
line)  of  the  auto  relay.    When  the  icing  state  was  detected,  it 
energized  the  auto  relay. 


With  the  blue  pencil,  draw  the  armature  of  tbe  auto  relay  down.  Now 
trace  the  circuit  from  the  top  armature  using  a  sol:?  ;  b]ue  line  to  junction 
#8.    Keep  on  tracing  from  junction  #8  to  junction  #'v,  then  down  and. 
across  the  bottom  armature  of  the  reset  relay.    From  the  bottom  armature  of 
the  reset  relay,  go  to  junction  #11,  then  on  to  tije  auto  relay  coil,  then 
back  to  junction  #11,  and  to  the  warning  icing  condition  light. 

The  circuit  from  the  top  armature  of  the  auto  relay,  around  to  the 
auto  relay  coil,  has  formed  a  holding  circuit  that  will  keep  the  auto 
relay  energized,  even  though  the  circuit  from  the  powe*  relay  is  cycling. 

The  auto  relay  will  stay  energized  continuously,  because  of  the 
complete  circuit  from  the  top  armature  to  the  auto  relay.  Also,  the 
light  will  remain  on  continuously,  for  the  sams  reason. 

The  circuit  is  also  complete  from  the  top  of  the  auto  relay  armature 
to  junction  #9  and  up  to  the  no-ice  relay  armature,  and  to  the  thermal 
switch  in  the  no-ice  time  delay. 


With  a  green  pencil  trace  circuit. 


Fill  in  the  blanks  to  complete;  the  following  statements: 

1.  When  an  icing  condition  is  encountered,  the  pressure  switch  and  power 
relay  will   . 

2.  When  the  auto  relay  energizes,  the  top  contact  will  complete  a 
  circuit  to  keep  the  relay  energized. 


r 


Answers  to  Frame  15:     1.     time  del~y 

2.    probe  heater 


3.  probe 

A.  probe  no-ice  warning  icing  .^adltion 
5.    auto  relay 
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Frame  17 


Up  to  this  point  we  have  traced  the  circuits  that  will  cause  the 
anti-icing  valves  to  open  by  deen^rgizing  the  solenoids,  and  turning  on 
the  warning  lights. 

The  next  step  in  our  sequence  is  the  no-ice  condition.    When  the 
aircraft  flies  out  of  the  icing  condition,  the  pilot  has  to  be  told  so  that 
he  can  turn  the  system  off.    An  important  point  to  note  is  that  the  system 
will  not  turn  off  automatically. 

When  the  aircraft  goes  to  a  no-ice  condition,  the  ice  will  stop  forming 
over  the  probe.    The  pressure  switch  will  then  stay  in  the  no-ice  engine  run 
position.    This  means  the  power  relay  will  stay  deenergized.    When  this  takes 
place  there  will  no  longer  be  a  complete  circuit  to  the  no-ice  relay  and 
the  relay  will  stay  deenergized. 

Earlier  we  had  traced  a  voltage  potential  to  the  no-ice  relay  armature 
and  to  the  thermal  switch  in  the  no-ice  time  delay.    Since  the  no-ice  relay 
is  now  remaining  in  the  deenergized  position,  the  circuit  will  be  complete 
across  the  armature  to  the  heating  element  in  the  no-ice  time  delay. 

When  there  is  a  complete  circuit  for  90  seconds,  it  will  cause  sufficient 
heat  to  close  the  contacts  of  the  thermal  switch.    When  the  thermal  switch 
closes,  it  completes  the  circuit  to  the  no-ice  light,  turning  the  light  on. 

Using  a  BROWN  pencil,  trace  from  the  no-ice  time  delay  thermal  switch 
armature  to  the  no-ice  light.    Complete  the  circuit  to  the  no-ice  time  delay 
heating  element  and  then  through  the  thermal  switch,  this  turns  on  the  no-ice 
light.    This  tells  the  pilot  that  he  no  longer  needs  the  engine  inlet  air 
duct  anti-icing  system  on.    Remember,  we  stated  earlier  that  the  system  will 
not  shut  off  automatically;  the  pilot  must  turn  it  off. 

Also  remember,  that  the  no-ice  light  will  not  come  on  until  90  seconds 
after  the  aircraft  flies  out  of  an  icing  condition. 

Fill  in  the  blanks  to  complete  the  following  statements: 

1.  When  ar  icing  condition  no  1     -t       .cists,  the  NO -ICE  light  will  be  turned 
on  by  the  . 

2.  The  no-ice  time  delay  thermoswitch  is  closed  by  a   

element. 


Answers  to  Frame  16;     1.  pulsate 

2.  holding 
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Frame  18 
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To  stop  the  anti-icing  system  from  operating,  the  pilot  will 
momentarily  place  the  master  switch  to  reset.    The  switch  is  spring 
loaded  from  this  position.    When  this  switch  is  held  momentarily  to 
RESET,  it  will  complete  the  circuit  to  the  reset  relay.    This  will 
energize  the  relay. 

Now  notice  that  when  the  relay  is  energized,  it  opens  the  holding 
circuit  (bottom  armature)  to  the  auto  relay.    This  deenergizes  the 
auto  relay.    When  the  master  switch  is  released  it  goes  back  to  AUTO, 
which  again  deenergizes  the  reset  relay. 

Now  notice  that  when  the  reset  relay  and  the  auto  relays  are 
deenergized,  there  is  a  complete  circuit  to  the  anti-icing  relay  coil. 
This  energizes  the  anti-icing  relay  which  completes  the  circuit  to 
energize  the  scoop  and  vane  anti-icing  solenoids.    This  closes  all 
valves. 

Fill  in  the  blanks  to  complete  the  following  statements: 

1.      After  an  icing  condition,  to  close  the  engine  inlet  scoop  and  guide 
vane  anti-icing  valves,  the  pilot  must  place  the  master  switch  to 


2.      The  no-ice  light  is  turned  off  when  the  master  switch  is  placed  to 


Answers  to  Frame  17:     1.    no-ice  time  delay 


PRACTICE  EXERCISE 


Go  to  figure  12.    This  figure  contains  the  electrical  diagram  of 
the  system  with  several  troubles  indicated  by  circled  numbers.  The 
following  statements  identify  probable  troubles  in  the  system.  Read 
the  statements,  then  select  the  circled  number  from  the  diagram  that 
would  cau3e  the  trouble.    Whea  complete,  have  the  instructor  check 
your  answers. 

 1.      During  flight,  with  the  master  switch  in  Auto,  the  warning 

icing  condition  light  does  not  come  on.  but  the  valves 
opened. 

 2.      During  flight,  the  warning  icing  condition  light  comes  on, 

remains  on  for  approximately  15  seconds,  then  goes  out.  To 
maintain  engine  anti-icing,  the  system  must  be  operated  in 
manual. 

 3.      During  flight,  the  master  switch  in  AUTO,  the  warning  icing 

condition  light  shows  a  pulsating  operation,  and  the  engine 
anti-ice  valves  do  not  open. 

 4.      During  operation  of  the  ice  detection  system,  the  warning  icing 

—    ~         condition  light  comes  on,  but  the  no-ice  light  does  not  come  on* 

 5.      With  the  master  switch  in  MANUAL,  the  No.  1  engine  anti-icing 

valves  remain  open  with  the  switch  in  off.    The  valves  close 
when  the  master  switch  is  placed  in  AUTO. 


Answers  to  Frame  18:    1.  Reset: 

2.  Reset 
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Frame  1 


Two  separate  air  conditioning  systems  supply  conditioned  air  to 
the  interior  of  the  cargo  aircraft.    The  two  systems  are  similar 
except  for  flow  capacity.    The  higher-capacity  system  is  used  for  the 
cargo  compartment  and  the  lower  capacity  system  is  used  for  the  flight 
deck  station. 


Each  air  conditioning  system  cools  bleed  air  entering  into  it  from 
the  blr»ed  air  supply  system,  removes  water  from  the  coded  air,  and 
conducts  a  mixture  of  hot  air  and  cold  air  through  ducts  to  outlets 
in  the  aircraft  compartments.    Temperature  of  the  air  supplied  to  the 
interior  compartments  i3  regulated  by  controlling  the  ratio  of  hot  air 
to  cold  air  in  the  mixture. 


Read  each  statement  below,  then  mark  each  one  either  T  (true)  or  F 
(false). 

  1.      The  air  conditioning  system  refrigerates  bleed  air,  removes 

water  from  the  cooler  air,  and  conducts  a  mixture  of  hot 
air  and  cooled  air  through  ducts  to  outlets  in  the  aircraft 
compartments. 

  2.      The.  air  conditioning  system  cools  ram  air,  removes  water 

from  the  ram  air,  and  conducts  a  mixture  of  ram  air  and 
atmospheric  air  through  ducts  to  outlets  in  the  aircraft 
compartments. 

  3.      The  temperature  of  the  air  supplied  to  the  compartments 

is  regulated  by  controlling  the  ratio  of  hot  air  to  cold 
air. 

  4.      The  temperature  of  the  air  supplied  to  the  compartments 

is  regulated  by  controlling  the  ratio  of  ram  air  to  hot 
air. 


NO  RESPONSE  REQUIRED 


Frame  2 
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Frame  3 


In  this  package  we  shall  cover  the  high-capacity  (cargo 
compartment)  air  conditioning  system  shown  in  the  schematic 
below. 

Each  air  conditioning  system  consists  of  a  venturi-type  flow 
control  and  shutoff  valve,  a  refrigeration  unit  (made  up  of  a  heat 
exchanger,  turbine  and  fan  assembly,  and  jet  pump),  water  separator, 
anti-ice  screen,  auxiliary  vent  valve,  and  distribution  ducts. 

The  cargo  compartment  system  includes  the  cargo  under  floor 
heating  system  made  up  of  a  floor  heat  shutoff  valve  and  diverter 
valve  for  heating  the  cargo  floor. 


NO  RESPONSE  REQUIRED 
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Frame  4 


This  unit  is  set,  by  the  position  of  the  air  conditioning  master 
switch,  for  three  operating  conditions: 

1.  Operation  during  flight, 

2.  operation  on  the  ground  with  the  gas  turbine  compressor  (GTC) 
supplying  bleed  air, 

3.  and  the  shut off  condition  when  air  conditioning  or 
pressurization  is  not  wanted. 

During  flight  operation,  or  ground  operation  with  the  engines 
operating,  the  cargo  compartment  flow  control  valve  maintains  nearly 
a  constant  flow  of  70  pounds  per  minute  (PPM)  of  air  into  the  cargo 
compartment • 

The  GTC  supplies  only  a  limited  amount  of  air  for  ground  air 
conditioning.    The  cargo  compartment  flow  control  is  set  to  throttle 
flow  according  to  pressure  only,  regardless  of  the  amount  of  flow 
allowed. 

The  cargo  compartment  flow  control  valve  is  preset  to  maintain 
a  pressure  of  55  inches  of  mercury  in  the  bleed  air  system  to  insure  an 
adequate  supply  of  air  to  the  cargo  compartment  when  the  aircraft  air 
conditioning  master  switch  is  in  the  AIR  COND  GTC  position. 

With  the  air  conditioning  master  switch  in  the  OFF  position, 
the  cargo  compartment  flow  control  and  shutoff  valve  closes  and  stops 
the  flow  of  bleed  air  into  the  air  conditioning  system. 


Frame  4  (Cont'd) 


Read  each  statement  below,  then  mark  each  one,  either  T  (true)  or  F 
(false)  . 

 i.      The  flow  control  and  shutoff  valve  is  set  for  three  operating 

conditions  by  the  position  of  the  air  conditioning  master 
switch . 

  2.      During  £Ilght  operation  or  ground  operation  with  the 

engines  running  the  flow  of  70  pounds  per  minute  is 
maintained  by  the  flow  control  and  shutoff  valve. 

  3.      When  the  air  conditioning  master  switch  is  in  the  AIR  COND 

GTC  position  the  cargo  compartment  flow  control  and  shutoff 
valve  insures  a  pressure  of  55  inches  of  mercury  to  the 
cargo  compar  t  men  t . 

  4.      With  the  air  conditioning  master  switch  in  the  OFF  position, 

the  flow  control  and  shutoff  valve  is  closed. 


Frame  5 

An  eight  hole  orifice  (21)  is  installed  in  the  bleed  air  duct 
(22)  leading  to  the  heat  exchanger. 

The  orifice  is  used  to  drop  the  air  pressure  entering  the  heat 
exchanger  and  prevent  oversper ling  of  the  turbine. 


Circle  the  number  of  the  statement  that  best  describes  the  purpose 
of  the  orifice* 

1.  The  orifice  drops  thr  air  pressure  entering  the  heat  exchanger 
and  prevents  overspeeding  of  the  turbine. 

2.  The  orifice  restricts  the  flow  of  air  leaving  the  heat 
exchanger. 

3.  The  orifice  stops  the  flow  of  air  entering  the  heat  exchanger. 
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Frame  6 


orifice 


HEAT 
EXCHANG 


TURBINE  ANTMCC 
FAN  SCREfN 


PUMP 


A'y  jet 


The  cargo  air  conditioning  unit  (above)  is  made  up  of  an  air-to 
air  heat  exchanger,  a  turbine  and  fan  assembly,  and  a  jet  pump. 

Hot  bleed  air  is  conducted  through  dimpled  tubes  of  the  heat 
exchanger.    Because  outside  (ram)  air  is  drawn  over  the  tubes,  part 
of  the  heat  of  the  bleed  air  is  lost  to  the  ram  air  which  is 
exhausted  overboard  fro*n  the  heat  exchanger. 


Circle  the  number  of  the  statement  that  best  describes  the  purpose 
of  the  heat  exchanger. 

1.  The  heat  exchanger  reduces  the  tcr?perature  of  the  bleed  air  by 
transferring  heat    "  ram  air. 

2.  The  heat  exchanger  reduces  the  temperature  of  the  ram  air  by 
transferring  heat  to  bleed  air. 

3.  The  heat  exchanger  increases  the  temperature  of  the  bleeJ  air 
by  transferring  heat  from  the  ram  air. 
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Frame  7 


l  Ram  air  is  drawn  over  the  tubes  of  the  heat  exchanger  by  the  fan 
of  the  turbine  and  fan  assembly  and  «  jet  pomp.    Only  a  small  part  of 
the  ram  air  passes  through  the'  fan.    This  part  of  the  air  is-  forced 
out  at  high  speed  through  the  jet  pump. 

The  jet  pump  creates  *  low  pressure  area  in  the  heat  exchanger 
exhaust  which:  draws  a  large  volume  of  ram  air  through  the  heat 
exchanger.  i 

The  fan,  by  drawing  rat  air  across  the  heat  exchanger,  puts  a  load 
on  the  turbine  td  keep  it  fr6m  overspeeding.    Blee^d  aif ,  partially  cooled 
by  flowing  through  the  heat  exchanger,  ie^fed  through  a^duet  to  the 
turbine.    The-  higiT  pressure  air  striked  the  turbine  blades'  t«f  dr*<fe  the 
wheel  at  high  speed.    The  warm,  high  pressure  atT thus  loses  its  heat 
energy  by-converting  heaf  energy  teTmechanical  energy  and  «y  rapid 
expansion  of  the  air.    Not  all  the  air  is  cooled. 

Air  can  flow  through  the  turbine  bypass  or  the  refrigeration  unit 
bypass .    The  amount  of  air  flowing  through  the  heat  exchanger  and 
turbine  depends  on  cooling  requirements  established  by  the  temperature 
control  system. 


NO  RESPONSE  REQUIRED 
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Frame  8 

Read  each  statement  below,  then  nark  each  one  either  T  (true)  or  F 
(false). 

 _  1.      The  jet  pump  creates  a  low  pressure  area  In  the  heat 

exchanger  exhaust  which  draws  a  large  volume  of  ram  air 
through  the  heat  exchanger. 

  2.      The  fan  by  drawing  ram  air  across  the  heat  exchanger, 

puts  a  load  on  the  turbine  to  keep  it  from  overspeeding. 

  3.      The  turbine  cools  ram  air  by  converting  heat  energy  to 

mechanical  energy  and  by  rapid  expansion* 

  4.      All  the  bleed  air  is  cooled. 


5.  The  temperature  control  system  establishes  the  cooling 
requirements. 

6.  The  amount  of  air  blown  through  the  heat  exchanger  and 
turbine  depends  upon  the  cooling  requirements  established 
by  the  temperature  control  system. 


REFRIGERATION  UNIT  BYPASS 
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Frame  9 

The  condeuser-eliminator  type  of  water  separator  shown  below  is 
used  to  remove  70  to  85  percent  of  the  water  from  the  cooled  air* 

A  conical  fiberglas  bag  (condenser  assembly)  is  used  to  condense 
the  fog  in  the  cooled  air  to  water  droplets.    These  water  droplets  are 
carried  with  the  air  to  the  eliminator  section.    Here  they  collect 
into  larger  drops,  run  to  the  bottom  of  the  unit,  and  out  through  the 
moisture  drain. 

A  bypass  valve  (pressure  relief  valve)  is  installed  in  the  nose 
of  the  condenser  to  provide  an  alternate  path  for  the  air  if  ice  or 
°ny  other  substance  clogs  the  fiberglas  condenser  bag. 


CONDENSER 
ASSEMBLY 


MOISTURE 
DRAIN 


CARGO  COMPARTMENT  WATER  SEPARATOR 


Read  each  statement  below,  then  mark  each  one  either  T  (true)  or  F 
(false). 

  1-      The  water  separator  removes  70  to  85  percent  of  the  water 

from  the  cooled  air. 

  2.      a  conical  wire  screen  is  used  to  condense  the  fog  in  the 

cooled  air  to  water  droplets. 

  3.      The  water  droplets  collect  into  larger  drops  inside  the 

eliminator  assembly,  run  to  the  bottom  of  the  separator, 
and  drain  out  through  the  moisture  drain. 

  4.      The  pressure  relief  valve  provides  an  alternate  path  for 

the  air  if  ice  or  any  other  substance  clogs  the 
fiberglas  condenser  bag. 
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Frame  10 


Anti-Ice  Screen. 

Icing  of  the  water  separator  is  prevented  by  an  anti-ice  control 
screen  shown  above.    The  screen  is  mounted  in  the  turbine  discharge  duct. 
If  the  temperature  of  the  turbine  discharge  air  is  at  the  freezing  point 
and  the  air  contains  enough  water,  ice  forms  on  the  screen. 

The  ice  partly  blocks  the  screen  area  to  cause  a  pressure  drop  across 
the  screen,  reducing  airflow  through  the  turbine.    When  the  airflow 
through  the  turbine  reduces,  the  speed  of  the  turbine  is  also  reduced. 
With  the  speed  of  the  turbine  reduced,  less  cooled  air  is  produced, 
allowing  the  temperature  of  the  turbine  discharge  air  to  rise. 

When  the  temperature  reaches  the  melting  point  for  the  ice  on  the 
screen,  the  turbine  speed  increases  again.    In  this  way  the  turbine 
discharge  temperature  is  maintained  at  the  exact  freezing  point  for 
the  water  in  the  air. 

Read  each  statement  below,  then  mark  each  one  either  T  (true)  or  F 
(false) . 


1.  The  anti-ice  screen  prevents  icing  of  the  water  separator. 

2.  The  speed  of  the  turbine  will  decrease  when  the  anti-ice 
screen  ices  up. 


3.      Reducing  the  speed  of  the  turbine  will  reduce  the  temperature 
of  the  turbine  discharge  air. 


4.      The  airflow  through  the  turbine  is  reduced  when  ice  partly 
blocks  the  anti-ice  screen  area. 


ERLC 
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Frame  ll 


When  bleed  air  flows  through  the  cargo  compartment  air 
conditioning  system,  it  follows  three  courses  as  shown  in  the 
schematic  telow. 


TEMP  CONTROL  VALVE 


BLEED  AIR  -  COURSE  1 


/  COURSE  2  — 


COURSE  1 


COURSE  2 


COURSE  3 


r 


COURSE  1:      The  bleed  air  flows  directly  to  the  overhead 
outlets  without  being  cooled • 

COURSE  2:      Tie  bleed  air  is  directed  through  the  heat 
exchanger,  but  not  the  turbine. 

COURSE  3:      The  air  is  directed  through  the  turbine  of  the 
turbine  and  fan  assembly. 

£i      ^  air  fl°wing  from  all  these  courses  is  mixed,  and  the  mixture 
flows  through  the  overhead  outlets  to  the  cargo  compartment.  The 
temperature  control  valve  is  operated  to  distribute  the  bleed  airflow 
to  these  paths,  thus  it  controls  the  temperature  of  the  mixture 
distributed  through  overhead  outlets  to  the  cargo  compartment. 

12 
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Questions  for  Frame  11 


Read  each  statement  below,  then  mark  each  one  either  T  (true)  or  F 
(false). 

  1.      There  are  three  paths  for  bleed  air  co  flow  through 

in  the  air  conditioning  system* 

  2.      The  temperature  control  valve  controls  the  mixture  of 

air  distributed  through  the  overhead  ducts  by  controlling 
the  airflow  through  three  (3)  paths. 

  3-      To  get  hot  air,  the  bleed  air  must  go  through  the  turbine 

of  the  turbine  and  fan  assembly  and  then  be  distributed 
through  the  overhead  outlets  to  the  cabin. 
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Frame  12 


COLO  COOL 


DUAL  BUTTERFLY  TEMP.  CONTROL  VALVE  POSITIONS 
REFRIGERATOR  BYPASS  PORT  


WARM  HOT 

t-35 

The  temperature  control  valve,  shown  above,  is  a  dual  unit  with  one 
butterfly  in  the  refrigerator  bypass  and  another  in  the  turbine  bypass. 

The  two  butterflies,  actuated  by  an  electric  motor  are  positioned 
as  follows: 


COLD 

COOL 

WARM 

HOT 

Turbine 
Bypass 

CLOSED 

OPEN 

OPEN 

CLOSED 

1 

Refrigerator 
Bypass 

CLOSED 

CLOSED 

OPEN 

OPEN 

i 

This  valve  is  controlled  by  the  temperature  control  system. 

Read  each  statement  below,  then  mark  each  one  either  T  (true)  or  F  (false). 

  !•      To  get  cold  air,  both  the  turbine  bypass  port  and  the 

refrigerator  bypass  port  are  closed. 

  2*      To  get  hot  air,  the  refrigerator  bypass  port  is  open  and 

the  turbine  bypass  port  is  closed. 

  3-      To  8et  warm  air,  the  refrigerator  bypass  port  is  closed  and 

the  turbine  bypass  port  is  open. 

  4.      To  get  cool  air,  the  refrigerator  bypass  port  is  open  and 

the  turbine  bypass  port  is  open. 

14 
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Frame  13 


£3 


FLOOR  Hf AT  SHUTOFF  VAtVf 


FLOOR  HEAT  DiVERTER  VALVE 


TO  AIR  COND  SYS 


BLEED  AIR 


The  floor  heat  diverter  valve  is  part  of  the  under-floor  heat 
system. 

The  diverter  valve  controls  the  diversion  of  bleed  air  flow  from 
the  cargo  compartment  air  conditioning  system  to  the  floor  heating 
system. 

The  diverter  valve  is  used  to  maintain  a  comfortable  temperature 
during  operation  of  the  aircraft  at  low  outside  ambient  temperature. 

This  valve  is  controlled  by  the  under-floor  heat  temperature 
control  system. 


Circle  the  number  of  the  statement  that  best  describes  the  purpose  of 
the  floor  heat  diverter  valve. 


1.  The  floor  heat  diverter  valve,  diverts  the  flow  of  bleed  air 
from  the  cargo  compartment  air  conditioning  system  to  the  iinder- 
floor  heating  system. 

2.  The  floor  heat  diverter  valve  turns  the  cargo  compartment  air 
conditioning  system  on  and  off. 

3.  The  floor  heat  diverter  valve  stops  the  flow  of  air  entering 
the  cargo  compartment  air  conditioning  system. 
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Frame  14 


The  floor  heat  shutoff  valve  is  moved  to  the  OPEN  position  when 
the  under-floor  heating  switch  is  placed  in  the  ON  position. 

Opening  the  floor  heat  shutoff  valve  allows  bleed  air  to  flow  to 
an  ejector  (see  the  schematic  belov),  installed  under  the  cargo  floor. 

The  bleed  air  is  routed  forward  and  aft  through  nozzles  in  the 
ejector  (see  the  schematic  below),  into  mixing  chambers  where  bleed 
air  is  mixed  with  ambient  temperature  air  from  the  floor  cavity. 

The  air  is  then  routed  through  distribution  manifolds  extending 
the  length  of  the  cargo  compartment  floor. 


EJECTOR  NOZZLE 


Read  each  statement  below,  then  mark  each  one  either  T  (true)  or  F 

Opening  the  floor  heat  shutoff  valve  will  allow  bleed  air 
to  flow  to  an  ejector  under  the  cargo  compartment  floor. 

Bleed  air  is  routed  forward  and  aft  through  nozzles  in  the 
ejector  into  mixing  chambers  where  it  is  mixed  with  ambient 
temperature  air  from  the  floor  cavity. 

Opening  the  floor  heat  shutoff  valve  will  position  the  cargo 
compartment  temperature  control  valve. 

Opening  the  floor  heat  shutoff  valve  will  remove  moisture 
from  the  refrigerated  air. 


(false). 
 1. 

  2. 

 3. 

4. 
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Frame  15 


The  auxiliary  vent  valve  is  a  28  volt  DC  motor  actuated  valve 
located  at  the  ram  air  inlet. 

This  valve  is  controlled  by  the  air  conditioning  system  master 
switch,  a  differential  pressure  switch,  and  a  relay. 

The  master  switch  is  pos.     oned  in  "AUX  VENT"  to  close  a  circuit 
that  energizes  the  relay.    The  relay  applies  DC  voltage  to  the  valve 
motor  to  open  the  valve. 


Circle  the  number  of  the  statement  that  best  describes  the  method 
of  controlling  the  auxiliary  vent  valve* 

1.  The  auxiliary  vent  v^ge  is  controlled  by  the  cargo  compartment 
shutoff  switch,  a  relBfc  and  an  emergency  depressurization  swit 

2.  The  auxiliary  vent  valve  is  controlled  by  an  air  conditioning 
master  switch,  a  differential  pressure  switch,  and  a  relay. 

3.  The  auxiliary  vent  valve  is  controlled  by  the  "Ram-Dump" 
position  of  the  cabin  pressure  switch. 
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Frame  16 

The  auxiliary  vent  valve  is  used  to  ventilate  the  aircraft  in 
flight  at  low  altitudes.    It  is  also  used  to  supply  conditioned  air 
to  the  cabin  from  external  air  conditioners  when  the  aircraft  is  on 
the  ground. 

In  flight,  the  ram  air  entering  the  heat  exchanger  ram  air  inlet 
is  used  to  ventilate  the  aircraft  in  case  the  cabin  air  conditioning 
unit  breaks  down. 


to  Cargo  Compartment 

DISTRIBUTION 
DUCTS 


AUXILIARY  VfcNT  VAIVE 
ft  40 


Circle  the  number  of  the  statement  that  best  describes  the  purpose 
of  the  auxiliary  vent  valve. 

1.      The  auxiliary  vent  valve  is  used  to  ventilate  the  fuselage. 

2#      r;he  auxiliary  vent  valve  is  used  to  ventilate  the  aircraft  in 
flight  at  low  altitudes  and  to  supply  conditioned  air  to  the 
cabin  from  external  air  conditioners  when  the  aircraft  is  on 
the  ground. 


3.      The  auxiliary  vent  valve  is  used  to  ventilate  the  electronic 
compartment  at  low  altitudes  and  to  supply  conditioned  air  to 
the  electronic  compartinent  from  external  air  conditioners. 
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Frame  17 


H 1 1  f  J  n 


mil  dim  JwirCN 


The  pressure  switch,  shown  above,  is  in  the  auxiliary  vent  valve 
electrical  circuit. 

It  opens  its  contacts  when  cargo  compartment  pressure  exceeds  ram 
air  pressure  in  the  heat  exchanger  ram  air  inlet  by  more  than  0.28  psi. 

While  the  switch  contacts  are  open,  the  auxiliary  vent  valve 
relay  cannot  be  energized,  so  the  valve  cannot  be  opened* 

The  purpose  of  the  switch  is  to  prevent  collapse  of  the  air 
conditioning  distribution  ducts  resulting  from  differential  pressure 
across  the  duct  walls.    This  differential  pressure  would  occur  if  the 
auxiliary  vent  valve  was  opened  while  the  aircraft  was  pressurized. 

Read  each  statement  below,  then  nark  each  one  either  T  (true)  or  F  (false). 


1.      The  pressure  switch  opens  its  contacts  when  ram  air  pressure 


exceeds  cabin  pressure. 

2.  While  the  pressure  switch  contacts  are  open,  the  auxiliary 
vent  valve  relay  cannot  be  energized  and  the  valve  cannot  be 
opened. 

3.  The  pressure  switch  prevents  a  collapse  of  the  air  conditioning 
distribution  ducts  resulting  from  differential  pressure  across 
the  duct  walls. 

4.  The  pressure  switch  operates  on  a  differential  pressure  of 
more  than  0.28  psi. 
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Correct  Responses  to  all  Frames. 


Frame  2 

1.  T 

2.  F 

3.  T 

4.  F 

Frame  4 

1.  T 

2.  T 

3.  T 

4.  T 

Frame  5 
1 

Frame  6 
1 

Frame  8 

1.  T 

2.  T 

3.  F 

4.  F 

5.  T 

6.  T 

Frame  9 

1.  T 

2.  F 

3.  T 

4.  T 

Frame  10 

1.  T 

2.  T 

3.  F 

4.  T 


Frame  11 

1.  T 

2.  T 

3.  F 


Frame  12 

1.  T 

2.  T 

3.  F 

4.  F 

Frame  13 
1 

Frame  14 

1.  T 

2.  T 

3.  F 

4.  F 

Frame  15 
2 

Frame  16 

2 

Frame  17 

1.  F 

2.  T 

3.  T 

4.  T 
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3ABR42331-WB-209 


CARGO  AIR  COmTIONING  SYSTEM  WIRING  DIAGRAM 

OBJECTIVE 

Using  a  wiring  diagram,  specify  eight  causes  for  the  ten  given 
air  conditioning  system  electrical  troubles. 

EQUIPMENT 

Colored  Pencil  Set 
3ABR42331-WB-r.09 

PROCEDURE 

Figure  1  is  located  in  the  back  of  this  booklet.    The  circuits 
you  will  be  tracing  in  this  text  are  listed  in  the  lower  left  corner 
of  figure  1.    The  color  code  you  are  to  use  for  each  circuit  is  shown 
in  the  block  before  each  circuit •    Follow  directions  carefully  and  do 
all  the  steps.    Do  not  trace  ahead  of  what  you  have  read.     The  diagram 
used  in  this  project  is  the  same  diagram  you  will  use  on  the  cargo  air 
conditioning  system  trainer,  when  you  troubleshoot  that  trainer-  If 
you  do  not  understand  the  circuit  after  tracing,  check  with  your 
instructor. 

Note:    In  this  diagram  we  are  tracing  current  from  the  circuit 
breakers  to  the  components  ground.    This  is  not  the  way  current 
flows,  but  it  is  the  easiest  because  of  so  many  ground  points 
in  the  diagram.    Remember  this  note  when  using  any  wiring 
diagram. 

POWER  CIRCUIT 

1.  Use  your  RED  pencil  to  trace  this  circuit,    current  flows 
from  the  28V  DC  temperature  control  circuit  breaker  over  wire  2H200A20 
to  pin  N  of  bulkhead  connector  #2.    It  continues  on  wire  2H200B20  fo 
the  pole  of  the  master  air  conditio ing  awitch. 

2.  This  is  the  systua  power  circuit.    All  power  for  automatic 
and  manual  temperature  control  comes  from  this  wire. 

Note:    You  will  trace  circuits  for  the  following  functions  of 
the  air  conditioning  system.    Manual  Warm  with  GTC,  Manual 
Cool  in  Air  Conditioner  and  Pressure  Position    Automatic  Warm, 
and  Automatic  Cool.    Even  though  current  i*  distributed  over 
numerous  other  circuits,  only  those  circuses  required  for  a 
particular  function  will  be  traced. 

'>ru  >ersedes  3ABR42331-WB-209,  10  Ma-ch  1981. 
OI'R:    3370  TCHTG 
DISTRIBUTION:  X 

3370  TCHTG/TTGU-P  -  1000;  DAV  -  1 
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MANUAL  WARM  WITH  GTC 

I.      Use  your  BLUE  pencil  to  trace  this  circuit.    First,  draw  the 
master  air  conditioning  switch  contact  lever  to  the  air  conditionina 
GTC  position.  6 

yio      I       Cur"nt  flows  over  wlre  2H201D20  to  pin  M  on  bulkhead  connector 
#2.    Current  flows  out  pin  M  on  wire  2H201E20  and  over  to  terminal  #1 
on  terminal  strip  #2. 

,„nin    11  }ea™a  te™inal  *1  on  two  wires.     Current  flows  over  wire 
2H201G20  uo  pin  A  on  the  cabin  thermostat  blower.    Then  current  flows 
out  pin  B  on  wire  2H207A20N  to  ground.    The  blower  now  operates. 

A.      Go  back  to  terminal  #1.    Current  also  flows  over  wire  2H201F20 
to  pin  C  on  thp  - jntroi  box  electrical  connector  #1. 

5.  It  flows  from  pin  C  to  point  A  inside  the  temperature  control 
box.    Here  current  flows  in  two  directions. 

6.  First,  it  flows  to  point  B  where  it  flows  in  many  directions 
again.    Current  continues  to  pole  XI  on  the  more  heat  relay.    The  relay 
is  not  energized  yet,  so  current  flow  stops  at  this  point. 

7.  Gcing  back  to  point  B,  current  flows  through  both  Rl  and  R2 
to  energize  both  the  more  heat  and  less  heat  relays. 

8.  Because  we  are  concerned  with  the  more  heat  relay,  draw  the 
contact  levers  on  XI  and  X2  to  the  energized  position  (contacts  1  and  3). 
This  is  as  far  as  we  will  go  for  now. 

9.  Going  back  to  point  A,  current  flows  to  point  C  and  out  to 
pin  F  of  the  control  box  electrical  connector  #1. 

10.      It  leaves  pin  F  on  wire  2H202A20  and  flows  to  terminal  #2  on 
terminal  strip  #2.    Fror  here  it  flows  over  wire  2H202B20  to  pin  H  on 
bulkhead  connector  #2. 

ouonoi;*  Current  flows  t0  the  temperature  control  switch  on  wire 
;hzu^C2U.  Draw  the  temperature  control  switch  to  the  manual  warm 
position. 

12.  Now  current  flows  over  wire  2H203C20  to  pin  G  on  bulkhead 
connector  02.     It  leaves  pin  G  on  wire  2H203B20  and  flows  to  terminal 
95  on  terminal  strip  #2.    Current  flows  from  terminal  #5  on  wire 
2H203A20  to  pin  E  on  the  control  box  electrical  connector  #1. 

13.  Current  flows  inside  the  control  box  to  X2  of  the  more  heat 
relay.    We  are  tracing  only  necessary  circuits  so  we  will  not  tap  off 
current  from  this  wire.    The  more  heat  relay  is  energized  so  current 
flows  from  X2 ,  over  contact  3,  and  out  pin  B  on  the  control  box 
electrical  connector  #1.  — 
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14,      It  leaves  pin  B  on  wire  2H212A20  and  flows  to  pin  B  on  the 
temperature  control  valve*    Current  flows  through  the  valve  motor  and 
out  pin  C  on  wire  2H214A20N  to  ground.    The  temperature  control  valve  now 
runs  to  warm,  which  was  your  selection* 

MANUAL  COOL  IN  AIR  CONDITIONER  AND  PRESSURE  POSITION 

1.  Again  we  are  going  to  trace  only  the  necessary  circuits.  Use 
your  GPEEN  pencil  to  trace  this  circuit. 

2.  First,  draw  the  master  switch  to  the  air  conditioner  and  press 
position.    All  the  air  condition  positions  of  the  master  switch  go  to 
the  same  wire  so  this  is  the  last  time  you  will  change  positions  on  the 
master  switch. 

3.  Current  flows  from  the  master  switch  on  wire  2H201D20  to 
pin  M  on  bulkhead  connector  #2.    From  here  it  flows  over  wire  2H201E20 
to  terminal  #1  on  terminal  strip  #2. 

4.  Again  current  flows  over  wire  2H201G20  to  run  the  cabin 
thermostat  blower.    It  also  flows  over  wire  2H201F20  to  pin  C  on  the 
#1  electrical  connector. 

5.  Current  continues  to  point  A  inside  the  control  box  and  then 
to  ooint  C.    From  point  C  it  flows  to  pin  F  on  the  #1  electrical  con- 
nector and  out  on  wire  2H202A20  to  terminal  #2  of  terminal  strip  #2. 

6.  urrent  leaves  terminal  #2  on  wire  2H202B20  and  flows  to 
pin  H  on  bulkhead  connector  #2. 

7.  It  1  aves  on  wire  ?,H202C20  and  flows  to  the  temperature 
control  switch  pole.    You  waut  manual  cool,  so  current  flows  to  the 
cool  contact ,  and  over  wire  2H213C20  to  pin  C  on  bulkhead  connector 
#2. 

8.  Here,  it  leaves  on  wire  2H213P20  and  flows  to  terminal  #6 
on  terminal  strip  //2.  Current  leaves  terminal  #6  on  two  wires,  but 
the  one  we  are  confcernea  with  is  wire  2H213D20. 

9.  Current  flows  over  wire  2H213D20  to  pin  A  on  the  temperature 
control  valve.    It  continues  through  the  valve  motor  and  out  pin  C  on 
wire  2H214A20N  to  ground.    The  temperat.  e  control  valve  now  runs  toward 
cool  which  is  what  you  selected. 
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AUTOMATIC  WARM 

Note:    The  temperature  selector  does  not  directly  control  the 
temperature  control  valve's  operation*    Instead,  it  controls 
the  amount  of  current  going  to  the  mercury  thermostat  heater. 
This  thermostat,  in  turn,  controls  the  cabin  relay  which 
controls  the  temperature  control  valve's  operation.     As  you 
go  throi  \k.  this  circuit,  you  will  see  how  this  is  done, 

1.  Use  your  BLACK  pencil  to  trace  this  circuit.    The  master  switch 
is  still  in  the  air  conditioner  and  pressure  position,  so  current  flows 
over  wire  2H201D20  to  pin  M  on  bulkhead  connector  #2. 

2.  Current  leaves  pin  M  on  wire  2H201E20  and  flows  to  terminal  //I 
on  terminal  strip  02.    Again  current  flows  to  the  blower  which  causes 

it  to  operate. 

3.  Current  also  leaves  terminal  #1  on  wire  2H201F20  and  flows 
to  oin  C  on  the  temperature  control  Box  $1  electrical  connector. 

4.  From  here  it  flows  to  point  A  Inside  the  control  box  where  it 
will  flow  in  two  directions. 

5.  First,  trace  the  current  up  to  point  B.    At  this  point  you 
want  current  to  flow  through  Rl  and  R2  to  energize  the  more  heat  and  less 
heat  relays.    Current  also  flews  over  both  tap-off  wires  and  out  pins  H 
and  G  on  the  //I  electrical  connector  to  the  anticipator  thermostat. 

Here  current  ilow  stops. 

6.  Now,  let's  go  back  to  point  A.    Current  flows  from  here 
through  point  C,  down  to  point  D.    Here  again  current  flows  in  two 
directions. 

7.  For  now  current  flows  from  point  D  to  point  E,  through  R3  to 
point  F.    Remember,  we  are  tracing  only  necessary  circuits. 

8.  At  point  F,  current  flows  in  two  directions.    It  flows  up  to 
energize  the  cabin  relay  and  down  to  point  G.    From  point  G  current  goes 
in  two  directions. 

9.  First,  it  flows  down  and  out  pin  D  on  //2  electrical  connector 
and  over  to  pin  C  on  the  control  thermostat.    Current  flow  stops  at 
this  point  for  now. 

10.  Going  back  to  point  G,  current  also  flows  out  pin  A  on  #2 
electrical  connector  to  pin  B  on  the  high  limit  thermostat.  Here 
current  flow  stops  again  for  the  time  being.    You  now  have  all  three 
relays  energized,  so  draw  the  contact  levers  to  the  energized  position. 

11.  Going  back  to  point  C,  current  flows  from  point  C  to  point  F 
on  electrical  connector  #1.    From  here  it  flows  over  wire  2H202A20  to 
terminal  #2  on  terminal  strip  #2. 
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12.  From  here  it  flows  on  wire  2H202B20  to  pin  H  on  the  bulkhead 
connector  #2.    Current  leaves  pin  R  on  wire  2H202C20  and  flows  tc  the 
temperature  control  switch,  which  is  in  the  automatic  position. 

13.  Current  now  flows  over  wire  2H204C20  to  pin  F  on  bulkhead 
connector  #2.    Fro'         F  it  flows  over  wire  2H204B20  to  terminal  //7 
on  terminal  strip  -urrent  leaves  terminal  #7  on  wire  2H204A20  and 
flows  to  pin  D  on  electrical  connector  #1. 

14.  From  here  it  flows  inside  the  control  box  and  comes  to  X2  on 
the  cabin  relay.    Since  the  relay  is  energized,  current  continues  to 
contact  10  and  up  to  point  J. 

15.  From  point  J,  current  flows  to  X2  on  the  more  heat  relay. 
This  relay  is  also  energized,  so  current  flows  over  contact  3  and  out 
to  pin     on  electrical  connector  fl, 

16.  It  leaves  pin  3B  on  wire  2H212A20  and  flows  to  pin  B  on  the 
temperature  control  valve.    Current  continues  through  the  valve  motor 
and  out  to  ground.    This  causes  the  valve  to  run  toward  hot.  To 
determine  how  far  the  valve  runs  toward  hot,  go  back  to  point  D  inside 
the  temperature  control  box. 

17.  Current  continues  down  from  point  D  and  out  to  pin  F  on 
electrical  connector  #2.    It  leaves  pin  F  on  wire  2H206A20  and  flows 
to  terminal  #3  on  terminal  strip  #2. 

18.  It  leaves  terminal  #3  on  wire  2H206B20  and  flows  to  pin  K  on 
bulkhead  connector  //2.    From  here  current  flows  over  wire  2H206C20  to 
the  temperature  selector. 

19.  The  temperature  selector  is  toward  the  warm  position  so  this 
puts  more  resistance  into  the  circuit.    This  resistance  causes  a  voltage 
drop  as  current  flows  through  the  selector.    This  current,  at  the 
reduced  voltage,  comes  out  wire  2H205C20  to  pin  J[  on  bulkhead 
connector  #2. 

20.  It  leaves  pin  J  on  wire  2H205B20  and  flows  to  terminal  H  on 
terminal  strip  //2.    Current  leaves  terminal  #4  on  wire  2H205A20  and 
flows  to  pin  G  on  the  control  box  electrical  connector  #2. 

21.  From  pin  G  current  flows  inside  the  control  box,  over  R5, 
and  to  point  H.    From  point  H,  it  flows  out  pin  E  on  electrical  con- 
nector ?/2. 

22.  Current  flows  from  pin  E  on  wire  2H219A20  to  pin  B  on  the 
control  thermostat.    This  current  flows  through  the  thermostat  heater 
and  out  to  ground.    This  heats  the  mercury  inside  the  thermostat  and 
causes  it  to  rise.    As  the  mercury  rises,  it  makes  contact  with  the 
110°  wire  from  pin  C  on  the  thermostat. 

23.  The  potential  on  this  wire  is  then  grounded  to  the  thermostat 
heater  ground.    The  voltage  that  energized  the  cabin  relay  now  has  a 
path  of  less  resistance  to  follow  so  the  cabin  relay  deenergizes. 


24.  with  this  relay  deenergized,  you  lose  power  at  contact  10  and 
also  to  the  hot  side  of  the  temperature  control  valve.    Now  the  valve 
stops  operating, 

25.  You  have  controlled  the  movement  of  the  temperature  control 
valve  by  controlling  the  amount  if  voltage  going  to  the  thermostat 
heater.    If  ?*>re  voltage  had  been  applied  to  the  heater,  the  running 
time  of  the  valve  toward  hot  would  have  been  much  shorter. 

In  the  next  and  last  circuit,  we  will  continue  from  where  you 
are  now  and  see  how  this  system  will  call  for  a  cool  temperature. 

AUTOMATIC!  COOL 

Note:    Use  your  PIRPLE  pencil  to  trace  this  circuit.     If  the 
temperature  selector  were  set  to  cool,  this  would  increase 
the  amount  of  voltage  going  to  the  control  thermostat 
heater,  and,  in  turn,  would  deene raize  the  cabin  rellay  much 
faster.    With  this  in  mind,  we  will  continue  with  Auto-Cool 

1.  Start  with  v.<T^nt  flow  at  point  B  inaidt  Lhfe  control  box. 
Current  flows  from  point  B  tc  aj  :n  the  more  heat  relay.    This  relay 
is  still  energized,  so  cur.*-  r  fl^ws  from  XI  to  contact  #1  and  over 
to  the  less  heat  relay. 

2.  It  then  flows  f    *  XI  on  the  less  heat  relay  and  since  the 
relay  is  still  energized,  over  to  contact  #5. 

3.  From  here  current  flows  to  pin  I_  on  electrical  connector  #1. 
It  then  continues  from  pin  1^  on  wira  2H208A20  to  pin  B  on  the  antici- 
pator thermostat.    Current  continues  through  the  thermostat  heater  and 
out  to  ground  making  a  complete  circuit. 

4.  This  heater,  along  with  duct  temperature,  starts,  the  mercury 
rising  inside  the  thermostat.    While  the  mercury  is  rising,  current  is 
flowing  from  point  E,  inside  the  control  box,  to  XI  of  the  cabin  relay. 
This  relay  is  deenergized,  so  current  flows  from  XI  to  contact  #11  and* 
over  to  X2  on  the  less  heat  relay.    At  this  time  the  current  cannot 
continue  because  the  less  heat  relay  ia  energized. 

5.  By  now  the  mercury  in  the  anticipator  thermostat  has  risen 
enough  to  make  contact  with  the  potential  at  the  380°  wire.    This  now 
completes  a  circuit  through  the  mercury  and  heater  ground  wire.  This 
deenergizes  the  more  heat  relay.    Now  power  is  removed  from  the  hot 
side  of  the  temperature  control  valve. 

6.  The  heater  on  the  anticipator  thermostat  is  still  in  operation, 
so  the  mercury  rises  until  it  comes  in  contact  with  the  400°  wire.  Now 
the  less  heat  relay  will  deenergize.    The  current  at  X2  on  the  less  heat 
relay  will  flow  over  contact  #8  and  out  to  pin  A  of  electrical  connector 
1*1.    From  here  it  flows  over  wire  2H213AT0  to  terminal  #6  on  terminal 
strip  //2,  and  then  over  wire  2H213D20  to  pin  A  of  the  temperature  con- 
trol valve.    Current  continues  through  the  valve  motor  and  out  to  ground. 
The  circuit  is  now  completed  and  the  valve  will  run  toward  the  cool 
position. 

STOP  AND  SEE  INSTRUCTOR.    Instructor's  Initials 
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PRACriCK  KXKKCISK: 


In  the  following  practice  exercise-  you  will  be  given  a  cause.  You 
are  to  find  the  proper  discrepancy.    Problem  #1  explains  the  proper 
procedure  for  finding  the  discrepancy.    If  you  have  any  questions  during 
t*>    practice  exercises,  you  may  ask  your  instructor  for  assistance. 

#1.    The  cause  reads:    An  open  in  wire  number  2H206C20.    This  wire  is 
in  the  circuit  of  the  temperature  selector.    You  can  see  that  in 
AUTOMATIC  if  you  increase  the  resistance  in  the  temperature  selector, 
you  will  receive  warm  air  from  the  temperature  control  valve.    If  you 
lower  the  resistance,  you  will  receive  cool  air.    Therefore,  an  open  in 
wire  2H206C20  would  raise  the  resistance  and  vou  will  receive  warm  air. 
The  proper  discrepancy  would  read:    Full  warm  air  in  AUTOMATIC. 

#2.    CAUSE:    An  open  in  wire  number  2H204C20.  DISCREPANCY: 


#3.    CAUSE:    Ar  open  in  wire  number  2H200B20.  DISCREPANCY: 


This  concludes  the  practice  exercises.    If  you  have  no  questions, 
inform  your  instructor  that  you  are  ready  for  the  performance  test. 


ANSWERS  TO  PRACTICE  EXERCISE  PROBLEMS: 
#1.    Full  hot  air  in  AUTOMATIC. 
#2.    AUTOMATIC  is  inoperative. 

#3.    Temperature  control  valve  is  inoperative  in 
AUTOMATIC  and  MANUAL. 
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Figure  1,  

BEST  COPY  AVAILABLE 
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OBJECTIVES 


Relate  eight  out  of  ten  mercury  thermostat  temperature  control 
system  components  to  their  operation. 

INSTRUCTIONS 

This  text  presents  material  in  snail  steps  called  "frames".    Read  the 
material  presented  In  each  frame  and  answer  the  questions  at  the  end  of  the 
frame.    Also  answer  the  questions  in  the  review  exercises  throughout  the  text 
and  then  check  your  responses  with  the  correct  answers  found  at  the  top  of 
the  next  frame  or  as  specified.    If  you  are  wrong  or  in  doubt,  restudy  the 
material  and  correct  your  answers  before  continuing. 

Frames  9  thru  15  require  that  you  use  an  overlay  transparency.    You  can 
get  this  transparency  Iron  your  instructor  when  you  reach  frame  9. 


Supersedes  3ABR42331-PT-209A,  9  November  1983. 
OPR:     3370  TCHTG 
DISTRIBUTION:  X 

3370  TCHTG/TTGU-P  -  300;  DAV  -  1 
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Frame  1 

In  this  lesson  you  will  learn  how  mccary  thermostats  can  be  used  to 
control  the  temperature  of  conditioned  air  in  the  aircraft. 

A  mercury  thermostat  can  be  compared  with  an  ordinary  thermometer  which 
you  would  use  at  home  to  take  your  temperature  or  to  find  the  temperature  on 
any  day.  It  works  on  the  principle  that  mercury  expands  (rises)  when  heated 
and  contracts  (falls)  when  cooled. 


,GIASS  buib 


-MERCURY 


No  Response  Required 


Frame  2 


Now  we  will  take  r  thermostat,  add  some  wire  and  show  you  a  simple 
thermostat  control  circuit* 

REMEMBER:    Mercury  inside  a  thermostat  rises  when  heated. 

Mercury  is  a  good  electrical  conductor. 

Current  will  follow  the  path  of  least  resistance. 


Fr^me  2  Con!t 


RELAY  ENFRG'ZED 


If  the  mercury  is  below  the  contact  wire  (Point  A)  the  relay  will  be 
energized.    This  is  because  the  circuit  between  Point  A  and  the  thermostats 
ground  is  open. 


-AAAr 


RE 


LAY  DE-ENERGIZED  ^ 


Tf  it::r^icy  fi  to  the  contact  wire  (Point  A)  then  the  relay  will  be 
'Jc:i»nrc^- -*d.  This  is  Mo.viae  the  thormostat  has  provided  an  easier  path 
(lo°s  r3e*' stance)  to  ground  th'in  +h<3  relay. 


The  temperature  of  the  air  in  the  aircraft  causes  the  mercury  to  rise 
or  fall  within  the  thermostat.    Hot  air  causes  mercury  to  rise  and  cold  dir 
causes  mercury  to  fall. 
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Frame  2  ~on't 

Mprk  the  following  statements  either  T  (true)  or  F  (false), 

!•   Mercury  is  a  good  electrical  conductor, 

2*   Current  takes  the  p*th  of  least  resistancr 

3*    If  the  mercury  riches  the  contact  wire  then  the  rf-lay  will 

deenergize  because  the  relay  has  less  resistance. 
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Answers  to  Frame  2:    1.    T    2.    T    3,  F 
Frame  3 

Now  let's  say  that  we  warft  to' complete     circuit  thrcfugh  a  thermostat 
bift  th6  ait  16  not  varm  enough  t<T rai^e  the  nercury  txr  the  contact  wir*C 
Ttf  xa\s^ tleT mercury  w^  acHf  a^'heater"  t0^th£  thermostat. 


The  heater  is  made  of  a^small  wir£  wrapped  around  tKe  barfe  of  thtT 
thermostat.    Th^heit  that  i£  generated  b^  allowing  current  t  f  f l<Jw  thrdugh 
theTheater  coWf will^caus^the^ mercury  td  rise<    ^variable  resistor  br^ 
rheostat  i^usetf  to^control  the  amount  ofT current  being  applied  t<f  the  heater . 

If  the  rheostat  iafmovetT toward  coefl,  tlvr  resistance  irf" th^  heater 
circuit  decreases  and  the  current  applied  t<f  the  heater  increases.  Thus, 
more  heat  will  be  given  of f* by  the  heater  arrff  the  mercury  rises  fastfe*. 

liT thi^rheostat  itf^mov^T  toward  watfmi  th^resistance  ±tf^th£"heater 
circuit  increases  airfT  th^ current  afpl*ed  t>o  die  heater  decreases.  Thus, 
less  heat  will  be  given  off  by  the  heater  and  the  mercury  will  rise  slower. 

By  usjpg  the  rheostat  and  heater  we  can  control  the  movement  of  mercury 
inside  the  thermostat  and  in  turn  control  the  temperature-  of  the  air. 

Fill  in  the  blanks  to  complete  the  following  statements. 

1.  A  _     can  be  used  to  control  the  mercury 

in  the  thermostat. 

2.  By  using  the   and  we  can  control  *he 

temperature  of  Lhe  air  in  the  aircraft. 
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Answers  to  Frame  3:    1.    thermostat  heater     2.    rheostat  and  heater 

REVIEW  EXERCISE  #1 
Mark  the  following  statements  either  T  (true)  or  F  (false) . 

1.   A  mercury  thermostat  can  control  such  devices  as  relays. 

2.   A  mercury  thermostat  can  be  used  to  control  a  complete  temperature 

control  system. 

3.    The  mercury  will  rise  when  heat  is  applied  to  the  thermostat. 

4.    a  mercury  thermostat  can  he  compared  to  an  ordinary  thermometer. 

5.    The  more  resistance  in  the  rheostat  the  faster  the  heater  will  warm 

up  the  thermostat. 

Fill  in  the  blanks  to  complete  the  following  statements. 

6.  If  two  (2)  wires  are  connects  I  by  the   ,  current  will 

flow  through  the  thermostat. 


7.  A  heater  is  used  to  heat  .he  thermostat  so  the  mercury  will   

faster  than  normal. 

8.  A   controls  the  amount  of  current  going  to  the  heater. 

9.  The  rheostat  and  heater   the  movement  of  mercury 

inside  the  thermos  cat. 

10.  A  rheostat  is  a  resistor. 

11#   to  the  thermostat  heater  coil  can  be  changed  by 

using  the  • 

12.  Mercury  is  a    electrical  conductor. 

13.  Current  takes  the  path  of  


Check  your  responses  at  the  top  of  frame  4. 
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Answers  to  Review  Exercise  1:    1.  T    2.    T    3.    T    4.    T    5.    F    6.  ftercury 

7.  Rise    8.    Rheostat    9.    Control    l6.  Variable 

11.  Current  Flow,  Rheostat    12.  Good 

13.  Least  resistance. 

Frame  4 

The  temperature  control  box  for  this  system  contains  three  (3)  relays 
(shown  below)  and  six  resistors. 

The  relays  are  energized  and  deenergized  by  the  mercury  thermostats. 
These  thermostats  Wxil  control  the  relays  and  the  relays  will  determifte  if 
the  temperature  control  system  calls  tor  hot  or  cold  air. 


CABIN  lElAY 


Mark  the  following  statements  either  T  (true)  or  F  (false). 

1.    The  thermostats  are  controlled  by  the  relays. 

2.    The  thermostats  will  determine  if  the  temperature  control  System 

calls  for  hot  or  cold  air. 
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Answers  to  Frame  4:    1.    F      2.  F 


Frame  5 

Shown  below  are  the  High  Limit  thermostat,  Cabin  Compartment  thermostat, 
and  Duct  Anticipator  thermostat. 

Each  thermostat  has  a  different  operating  temperature  and  a  different 
purpose  to  help  maintain  the  desired  cabin  temperature. 


HIGH  LIMIT 
TH68MOSTAT 


CABIN 
|COMPARTMEN7 
THERMOSTAT 


ss  J- 


itss 

HE  AT 
REl  AY 


400' 


380° 


OUCT 
ANTICIPATOR 
THERMOSTAT 


i: 


CAE 
EAT 
RELAY 


Note:    Relays  are  shown  energized. 
No  Response  Require-' 
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Frame  6 


The  Cabin  thermostat,  shown  below,  controls  the  operation  of  the  Cabin 
relay.    When  mercury  comes  in  contact  with  the  110°  contact  wire  the  dftbin 
relay  will  deenergize.    Remember,  current  follows  the  path  of  least  r&istance. 


The  heater  of  the  Cabin  thermostat  has  two  (2)  current  supplies: 

(1)  From  the  bottom  contact  of  the  cabin  relay, 

(2)  From  the  cabin  temperature  rheostat* 

By  positioning  the  rheostat,  the  amount  of  current  being  applied  to  the 
heater  can  be  increased  or  decreased.    This  in  turn  controls  how  fast  £he 
mercury  in  the  thermostat  rises  or  falls. 

By  controlling  the  movement  of  the  mercury  you  can  control  the  operation 
of  the  cabin  relay.    In  turn,  by  control: ing  the  cabin  relay  you  can  c6ntrol 
the  temperature  of  the  air  entering  the  cabin. 

Fill  in  the  blanks  to  complete  the  following  statements. 

1.  The  Cabin  thermostat  heater  has   current  supplies. 

2 .  The  Cabin  relay  will   at   
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Answers  to  Frame  6:    1.    2  (two)      2.    deenergize,  110° 

Frame  7 

The  High  Limit  thermostat  also  controls  the  cabin  relay  and  in  turn, 
controls  the  maximum  temperature  that  can  be  received  from  fhe  system.  This 
thermostat  acts  as  a  safety  factor  in  case  the  other  thermostats  fail. 


?•  voc 


Note:    Relay  is  shown  energized. 

There  is  no  heater  for  this  thermostat.    It  is  located  in  the  air  con- 
ditioning duct  and  works  from  the  duct  temperature  only.    If  the  mercury 
reaches  the  400°  contact  wire  the  relay  deenergizes. 

Fill  in  the  blanks  to  complete  the  following  statements. 

!•      The    temperature  that  can  be  received  from  the  system  is 

controlled  by  the  high  limit  thermostat. 

2.      The  cabin  relay  will  be   when  the  mercury  in  the  high 

limit  thermostat  is  below  400°. 
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Answers  to  Frame  7:    1.    Maximum    2.  Energized 
Frame  8 

The  Duct  Anticipator  thermostat  controls  both  the  Mote  Heat  and 
the  Leas  Heat  relays.    This  thermostat  is  in  the  air  conditioning  duct 
next  t<^  the  Higfi  Limit  thermostat  and  works  off  the  air  temperature  irt 
the  duct  and  a  heater.    The  heater  receives  power  from  the  bottom  convict 
of  the' Less  Heat  relay. 


Wh£n  ttye  mercury  is  below  the  380°  ( ontact  wir£ ,  th^ More  Heat  and  Lefcs 
Heat  relays  will  be  energized. 

If  the  mercury  reaches  the'  380°  contact  wife,  the  More  Heat  relay  will 
deenergize.    Remember,  current  will' follow  the  path  oft  leasf^  resistance. 
With- the  More  Hear  relay  deenergized,  the  circuit  going  to  the^HorT  side  of^ 
the^t^.mperature  control  valve  is  opened.    The  valve  wiH  notrbe^abK  tcr  rutT 
any  further  towards  Hot.     (This  will  be  shown  completely  in  a  later  fta»67) 

If  the  temperature  in  the  duje£  continues       rise,  the^mercury  will  rifie 
with  it.>  When  the  mercury  reaches  the  400°  contact  wire  the  Less  Heat  relay 
will  deenergize.    When  the  Less  Heat  relay  deeaergizes  it  removes  current 
from  the  thermostat  heater  and  sends  current  to  the  Cool  side  of  the  tem- 
perature control  valve.     (This  will  be  shown  completely  in  a  later  frame.) 
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Frame  8  Conft 


Mark  the  following  statements  either  T  (true)  or  F  (false). 


m  The  more  and  less  heat  relays  control  the  Duct  Anticipator 
thermostat . 

.  When  the  less  heat  relay  is  deenergized,  current  will  be  removed 

from  the  cool  side  of  the  temperature  control  valve  and  sent  to 
the  heater  coil  on  the  Duct  Anticipator  thermostat. 
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Answers  to  Frame  8:    1.    F    2.  £ 

REVIEW  EXERCISE  #2 
Mark  each  of  the  following  statements  either  T  (true)  or  F  (false) . 

!•    The  relays  control  mercury  thermostat  operation. 

  All  of  the  thermostats  have  the  same  operating  temperature » 

  The  thermostats  help  maintain  a  desired  cabin  temperature. 

  The  heater  on  the  thermostat  causes  the  mercury  to  fall. 

  The  Duct  Anticipator  thermostat  controls  the  cabin  relay. 


2. 
3. 
4. 
5. 
6. 


7. 
8. 

9. 

10. 

11. 

12. 

13. 
14. 


When  energized ,  the  more  heat  relay  will  allow  current  to  flow 
to  the  hot  side  of  the  temperature  control  valve. 

The  cabin  thermostat  controls  the  cabin  relay. 

Current  for  the  Cabin  thermostat  heater  is  supplied  by  the  cabin 
relay  and  the  rheostat. 

The  less  heat  relay  will  deenergize  when  the  High  Limit  thermostat 
reaches  400°. 

The  rheostat  varies  the  current  flow  to  the  Duct  Anticipator 
thermostat  heater. 

By  controlling  the  cabin  relay  you  can  control  the  cabin 
temperature . 

The  air  in  the  ducting  causes  the  mercury  in  the  High  Limit 
thermostat  to  rise  or  fall. 

The  High  Limit  thermostat  acts  as  a  safety  factor. 
The  High  Limit  thermostat  is  located  in  the  rabin. 


Fill  in  the  blanks  to  complete  the  following  statements. 

15.  The  relays  that  make  up  the  control  box  are  the   ,   

  and  relays. 

16.  The  thermostats  that  are  used  to  control  the  temperature  control  system 

are  the   ,  and  

thermostats.  —  — 

17.  When  the 


relay  deenergizes  current  goes  to  the  Cool 


side  of  the  temperature  control  valve. 

18.    When  the  mercury  in  the  Duct  Anticipator  thermostat  reaches  the  400* 
contact  wire  the  more  and  less  heat  relays  will  be  


9 
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Answers  to  Review  Exercise  2: 


ERIC 


1.  F 

2.  F 

3.  T 

4.  F 

5.  F 

6.  T 

7.  T 

8.  T 

9.  F 

10.  F 

11.  T 

12.  T 

13.  T 

14.  F 

15.  Cabin,  more  heat,  less  heat 

16.  Cabin,  high  limit,  duct  anticipator 

17.  Less  heat 

18.  Deenergized 
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Now  we  are  going  to  put  all  of  *heae  individual  components  togethet 
and  operate  a  mercury  thermostat  automatic  temperature  control  system*  Ask 
the  instructor  for  an  overlay  transparency.    Fold  all  of  the  sheets  back 
until  only  Sheet  1  is  showing. 

Frame  9 

As  you  can  see,  Sheet  1  shows  the  components  of  the  system  with  a 
voltage  potential  at  the  circuit  breaker  and  at  Pin  ,fD,f  of  the  upper 
connector  on  the  control  box. 

FOLD  OVER  SHEET  2 

Current  flows  from  the  circuit  breaker  through  Pin  "C"  on  the  vppmi 
connector  and  down  to  a  contact  point  on  the  cabin  relay. 

Current  also  flows  through  R-3  and  then  can  go  in  1  of  2  directions: 

(1)  Up  to  energize  the  cabin  relay 

or 

(2)  Down  through  Pin  "A"  to  the  High  Limit  thermostat  or  through 
Pin  "D"  to  the  Cabin  thermostat. 

Since  the  mercury  in  these  thermostats  have  not  yet  reached  the  cbtttact 
wires  these  circuits  are  incomplete  and  the  cabin  relay  is  energized  as 
shown. 

No  Response  Required 
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Frame  10 


FOLD  OVER  SHEET  3 

Current  from  the  rheostat  flows  through  Pin  "Gff  and  resistor  R-5  to 

point  A  in  the  control  box.  From  here  it  flows  down  and  out  Pin  "E"  to  the 
cabin  thermostat  heater. 


Since  the  cabin  relay  is  energized,  current  from  its  left  contact 
lever  flows  through  R-A  and  down  to  combine  with  the  current  from  the 
rheostat  and  flows  to  the  cabin  thermostat  heater. 

The  voltage  potential  at  Pin  f,D"  flows  across  the  right  contact  lever 
of  the  cabin  relay  and  up  to  another  contact  point  which  will  be  shown  in  the 
next  frame. 


No  Response  Required 
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FOLD  OVER  SHEET  4 

This  sheet  shows  the  More  Heat  relay  circuit* 

Current  from  the  circuit  breaker  goes  from  point  B  in  the  control  box 
through  R-2  and  then  can  go  in  1  of  2  directions: 

(1)  Down  to  energize  the  More  Heat  relay. 

or 

(2)  Up  through  Pin  "H,f  to  the  390°  contact  point  on  the  Duct  Anticipator 
thermostat. 

Since  the  mercury  is  below  380°  the] circuit  to  the  thermostat  i§  Open  and 
the  More  Heat  relay  is  energized  as  shown. 

Current  can  also  flow  from  point  B  to  the  ltore  Heat  relay  left  Contact 
lever.    Since  this  relay  is  energized  current  flows  across  th    contact  lever 
and  up  to  another  contact  point  which  will  be  shown  in  the  next  framfc. 

Since  the  Cabin  relay  was  energized  back  in  Frame  9,  we  also  hatfe 
current  flowing  across  the  right  contact  lever  to  the  More  Heat  relajK  This 
current  flows  out  Pin  "B"  on  the  upper  connector  and  out  to  Pin  B  on  the 
temperature  control  valve.    As  you  can  see,  with  both  the  Cabin  and  Mote 
Heat  relays  energized  this  valve  will  rtri  toward  HOT. 

No  Response  Required 
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Frame  12 

FOLD  OVET  SHEET  :>. 

This  sheet  shows  the  Less  Heat  relay  circuit* 

As  ycu  can  see,  the  L^ss  Heat  relay  receives  power  from  the  same  source 
that  is  used  for  the  More  T.       relay*    Current  flows  up  through  R-l  and  can 
then  go  in  1  of  2  direction, 

(1)  Up  to  energize  the  Less  Heat  relay* 

or 

(2)  Down  through  Pin  "G"  to  the  400°  contact  wire  on  the  Duct 
Anticipate*    thermostat  • 

^Ince  the  mercury  is  still  below  380°  this  circuit  is  incomplete  and  the 
Less  Heat  relay  is  energized  as  shown* 

Current  has  beei:  supplied  from  the  More  Heat  relay  to  the  left  contact 
lever  of  the  Less  Heat  relay.    This  current  flows  across  the  contact  and  out 
Pin  "I"  lo  the  duct  anticipator  heater*    The  heater*  and  the  air  temperature 
in  the  ducting *  begins  to  raise  the  mercury  inside  the  thermostat* 

At  this  isoint  there  is  no  current  to  the  Less  Heat  relay  r  .ght  contact 
lever*    As  the  circuit  is  set  up  so  far*  we  are  now  calling  for  and  receiving 
a  warmer  air  temperature* 

No  Response  Required 
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Frame  13 


FOLD  OVER  SHEE1  6 

vAt  this  point  we  are  receiving  warm  air  in  the  cabin.    To  make  sure 
that  the  cabin  does  not  get  too  hot  thfe  pilot  of  flight  engineer  has  moved 
the  temperture  control  rheostat  toward  codl,    Bjf  doing  this  thfc  resistance 
in  the  circuit  hasciecr  eased.    Therefore  mor*" current  flows  through  the 
rheostat  arwf  Pin  "G^ to  poiirt  A  and  dowti    ud  out  Pin  "X11  te  thfc  cabin 
thermostat  heater. 

Thi/  increased  current  applied  to  the  heater  will  generate  mortf  hedt 
around  the  thermostat.    Wh^ti  ttfe  mercury  readied  thfe  110Q  wire,  ail  <$f  ttfe 
current  atf point  C  in  thfc  control  boflfc  will  follow  thd^patK  o£  lea»£" resistance 
an^florf  down  and'out  Pin  'V1  throy*gff  thr^cabin  thermostat  t<T  ground.  The 
cabin  relay  naif" deenergizes. 

With  th£  cabin  relay  deenergized  current  going  t<Ttb£  mop^herf^  r^lay 
contact  ha*  stopped.    In  turn,  you  hav*  stopped  cur^^nt  from  going  to'  th€  HOtJ 
side  of  the  temperature  control  valve.    Therefore  the  vnlve  will  stop  and  the 
temperature  will  not  increase. 

Current  from  the  cabin  relay  will  now  flow  acroFS  ^oth  contact  levers 
up  to  the  contact  levers  on  the  less  heat  relay. 

No  Response  Required 
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Frame  14 


FOLD  OVER  SHEET  7 

As  the  mercury  in  the  duct  anticipator  thermostat  rises  it  will  make 
contact  with  the  380°  wire.  At  this  time  the  more  heat  relay  deenergizes 
because  current  to  the  relay  follows  the  path  of  least  resistance  through 
the  thermostat  to  ground. 

With  the  more  heat  relay  deenergized  current  will  be  taken  away  from 
the  less  heat  relay  contact  which  was  used  for  the  duct  anticipator  heater. 

FOLD  OVER  SHEET  8 

Current  is  still  being  applied  to  the  duct  anticipator  heater.    It  is 
supplied  through  the  less  heat  relay  contact  from  the  deenergized  cabin  relay. 

The  mercury  in  the  thermostat  continues  to  rise  until  it  reaches  the 
400°  wire.    Now  the  less  heat  relay  deenergizes  because  current  to  the  relay 
follows  the  path  of  least  resistance  through  the  thermostat  to  ground. 

With  this  relay  deenergized  current  will  be  taken  away  from  the 
tVrmostat  heater.    From  the  right  contact  lever  it  will  flow  out  Pin  "A'V 
tu  Pin  A  on  the  temperature  control  valve.    The  valve  now  runs  COLD 
delivering  cooler  air  to  the  cabin. 

No  Response  Required 
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Fratne  15 

Notice  that  the  mercury  in  the  high  limit  thermostat  has  also  made 
contact  with  its  400°  wire.    This  is  the  safety  factor  that  was  mentioned 
earlier  in  the  text. 

A  circuit  has  been  complated  through  the  mercury  to  ground.    This  is 
a  positive  way  to  restrict  the  maximum  temperature  from  the  system.  By 
deenergizing  the  cabin  relay  if  the  cabin  thermostat  should  fail,  taking 
power  away  from  the  HOT  side  of  the  temperature  control  valve. 

No  Response  Required 
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REVIEW  EXERCISE  #3 
Mark  the  following  either  T  (true)  or  F  (false) . 

!•    The  same  current  that  energizes  the  cabin  relay  can  also  flow  to 

the  cabin  thermostat. 

  The  current  for  the  control  box  comes  from  2  different  sources. 

3*    If  the  mercury  in  the  high  limit  thermostat  reaches  400°  the  cabin 

relay  will  deenergize. 

4-    The  cabin  thermostat  heater  recexves  current  from  the  temperature 

control  rheostat  only. 

5-    The  more  heat  relay  must  be  deenergized  before  the  less  heat  relay 

will  deenergize. 

6»    The  temperature  control  valve  will  not  run  towards  hot  if  either 

the  cabin  relay  or  the  more  heat  relay  were  deenergized. 

7.    The  current  that  energized  the  cabin  relay  will  not  energize 

the  more  heat  relay. 

8»   Current  that  flows  across  the  cabin  relay  and  R-4  combines  with 

the  current  that  flows  from  the  rheostat  and  goes  to  the  cabin 
thermostat  heater. 

9«    T^e  cabin  relay  will  not  energize  unless  it  receives  a  full 

28V  DC. 

10.    If  the  mercury  in  the  duct  anticipator  thermostat  reaches  380° 

the  temperature  control  valve  will  run  toward  hot. 

!!•    The  more  heat  and  less  heat  relays  receive  current  from  the  same 

power  source. 

12-    The  more  heat  relay  will  deenergize  when  the  duct  anticipator 

thermostat  reaches  380°. 

13.    The  cabin  relay  must  be  deenergized  before  the  control  valve  will 

run  toward  hot. 

14.    The  high  limit  thermostat  will  deenergize  the  cabin  relay  when  the 

mercury  reaches  110°. 

Check  yc      .espenses  on  the  answer  sheet  at  the  back  of  the  text. 
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MERCURY  THERMOSTAT  TEMPERATURE  CONTROL  SYSTEM  REVIEW 
Match  the  description  in     lumn  B  with  the  itun  it  describes  in  Coluioi  A. 


1. 
2. 


Column  A 
More  Heat  relay 
Cabin  thermostat 

3.  Rheostat 

4.  Cabin  relay 
Thermostat  heater 
High  Limit  thermostat 
Duct  Anticipator  thermostat 
Less  Heat  relay 


5. 
6. 
7. 
3. 


A. 


B. 


E. 


Column  B 

Controls  both  the  more  heat  and 
less  heat  relays. 

Controls  amount  of  power  going  to 
the  cabin  thermostat  heater. 

Raises  and  lowers  the  mercury  in 
the  high  linuc  thermostat. 

When  energized,  this  relay 
directly  supplies  current  to  the 
hot  side  of  the  temperature 
control  valve. 

Helps  to  raise  the  mercury  inside 
the  thermostat  faster  than  normal. 

A  safety  factor  that  will  de- 
energize  the  cabin  relay  at  400°. 

Controls  operation  of  the  Cabin 
relay . 

When  energized,  this  relay 
supplies  current  to  a  contact 
lever  on  the  more  heat  relay. 

I-      When  deenergized,  this  relay 

supplies  current  to  the  cold  side 
of  the  temperature  control  valva. 

Refer  to  the  overlay  transparency  to  answer  the  following  statements  as  either 
true  or  false. 

9.  If  the  temperature  in  the  cabin  reaches  110° t  the  cabin  relay  will 
deenergize. 

10.  As  temperature  around  the  duct  anticipator  thermostat  rises,  the  less 
heat  relay  will  deenergize  before  the  more  heat  relay. 

11.  The  less  heat  relay  controls  current  to  the  cool  side  of  the  temperature 
control  valve. 


H. 
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Match  the  circled  number  in  the  above  schematic  with  the  item  listed  below. 

 Rheostat   Cabin  the'  ^stat 

 Cabin  relay   Heater  co^ 

 Duct  Anticipator  thermostat   Less  Heat  relay 

 More  Heat  relay   High  Limit  thermostat 

Check  your  responses  on  the  answer  sheet  at  the  back  of  the  text. 
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CORRECT  RESPONSES 


Review  Exercise  //3 


1. 
2. 
3. 
4. 
5. 
6. 
7. 


T 
T 
T 
F 
T 
T 
F 


8. 

9. 
10. 
11. 
12. 
13. 
14. 


T 
F 
F 
T 
T 
F 
F 


Mercury  Thermostat  Temperature  Control  System  Review 


2. 
3. 
4. 
5. 
6. 


D 
G 
B 

H 

j? 

F 


7. 

8. 

9. 
10. 
11. 


A 
I 

T 
F 
T 


Rheostat 
_  Cabin  relay 

_  Duct  Anticipator  Thermostat 
_  More  heat  relay 


_3_ 

7 


Cabin  thermostat 

Heater  coil 

Less  heat  relay 

High  limit  thermostat 
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3ABR42331-WB-209A 


CARGO  AIR  CONDITIONING  SYSTEM  TROUBLESHOOTING 

OBJECTIVE 

Using  a  wiring  diagram  and  multimeter,  and  working  in  a  group  of  not 
more  than  two  students,  perform  an  operational  check  and  troubleshoot  the 
cargo  air  conditioning  system  trainer,  locating  a  minimum  of  five  out  of 
seven  troubles  correctly. 

EQUIPMENT 

Trainer  3021  Cargo  Air  Conditioning  System 
Multimeter  AN/PSM-37 

PROCEDURE 

Remove  all  of  your  jewelry.    Report  tc  the  lab  instructor  and  inform 
him  of  the  lesson  on  which  you  are  working.    The  lab  instructor  will  assign 
you  a  trainer  and  provide  the  necessary  materials. 

This  workbook  is  presented  in  two  sections.    Section  1A  and  IB  are  to 
familiarize  you  with  the  components  of  the  flight  deck  or  careo  compartment 
air  conditioning  systems  and  to  prepare  you  for  performing  tho  operational 
check  and  troubleshooting.    Section  2  contains  the  steps  for  operational 
checking  these  systems  and  the  malfunctions  that  you  are  to  troubleshoot. 
Perform  each  step  as  directed  on  the  following  pages. 

NOTE:    You  will  be  assigned  to  perform  this  lesson  either  on  the  flight 
deck  system  or  on  the  cargo  compartment  system.    Check  the  name  of 
the  trainer  you  are  assigned  to.    If  you  are  assigned  to  a  flight 
deck  system,  start  with  Section  1A.    If  you  are  assigned  to  a  cargo 
compartment  system,  start  with  Section  IB. 


Supersedes  3ABR42331-WB-209A,  15  September  1977. 
OPR:    3370  TCHTG 
DISTRIBUTION:  X 

3370  TCHTG/TTGU-P  -  1000;    TTVSA  -  1 
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SECTION  1A.    FLIGHT  DECK  AIR  CONDITIONING  SYSTEM  COMPONENTS 


ft  -, 


Figure  1. 

1.      Location  and  identification  of  system  components. 

a.      Using  the  trainer  and  the  illustrations  in  figure  lf  locate  each  of 
the  numbered  items.    Write  the  name  of  each  of  these  numbered  items  in  the 
blank  spar.es  balow* 

CD  

(2)  

(3)  

(A)  

(5)  

(6)  

(7) 


COMPARE  YOUR  ANSWERS  TO  THOSE  ON  PAGE  5. 
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Figure  2. 


b.      Using  the  trainer  and  the  illustration  in  figure  2,  locate 
each  of  the  numbered  items.    Write  the  name  of  each  of  these  numbered 
items  in  the  blank  spaces  below. 

(1)  

(2)  

(3)  .  

COMPARE  YOUR  ANSWERS  TO  THOSE  ON  PAGE  5. 
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Answers  to  location  and  identification  Section  1A,  para 

(1)  Temperature  Control  Valve. 

(2)  Temperature  Control  Box. 

(3)  Duct  Anticipator  Thermostat. 

(4)  Hi-Limit  Thermostat. 

(5)  Cabin  Thermostat. 

(6)  Cabin  Thermostat  Blower. 

(7)  Aux  Vent  Valve. 

Answers  to  locations  and  identification  Section  1A,  para 

(1)  Air  Conditioning  Master  Switch. 

(2)  Temperature  Control  Switch. 

(3)  Temperature  Selector. 

After  comparing  your  answers,  turn  to  page  8f  para  2. 
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Figure  3. 


SECTION  IB.    CARGO  COMPARTMENT  AIR  CONDITIONING  SYSTEM  COMPONENTS 

1.      Location  and  identification  of  system  components. 

a.      Using  the  trainer  and  the  illustrations  in  figure  3,  locate 
each  of  the  numbered  items.    Write  the  name  of  each  of  these  numbered  items 
in  the  blank  spaces  below. 


fl) 
(2) 
(3) 
(A) 


(5) 
(6) 
(7) 

<e> 


COMPARE  YOUR  ANSWERS  TO  THOSE  ON  PAGE  10. 
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Figur- 

b.      Using  the  trainer  and  tfu.  illustration  in  figuie  4,  locate 
each  of  the  n  sobered  Items.    Write  the  name  of  each  of  these  numbered 
items  in  the  blank  spaces  below. 

(1)  

(2)  

(3)  ,  

COMPARE  YOUR  ANSWERS  TO  THOSE  ON  PAGE  10. 


7 

370 


2.  Trainer  .reparation  for  the  operational  check  and  troubleshooting 
of  the  flight  derk  and  cargo  compartment  air  conditioning  system. 

a.  Place  all  trouble  switches  to  the  OUT  position.  Thes^ 
switches  are  located  at  the  lert  side  of  the  trainer* 

b.  ndke  sure  all  circuit  breakers  are  pushed  in. 

c       Place  the  following  switches  to  the  NORMAL  positions  as 
listed  belorf. 

(1)  Air  Conditioning  Master  Switch  *  .  .OFF 

(2)  Temperature  Selector  COOL 

(3)  Temperature  Control  Switch  OFF 

d       Place  the  trainer  power  switch  to  the  ON  position.  This 
switch  is  located  on  the  upper  left  side  of  the  trainer* 

3.  Trainer  operation  for  the  flight  deck  and  cargo  compartment  air 
conditioning  system. 

a.      During  the  following  steps  you  will  operate  each  component 
on  either  the  flight  dock  or  cargo  compartment  air  conditioning  trainer. 
When  a  swi:ch  is  actuated  be  sure  to  notice  which  valves  operate  and 
the  valve  position.    Actuate  each  switch  at  directed.    From  your  observation 
r~  tb-   . rainer  operation  complete  each  statement  by  circling  the  correct 
word. 

Step  1.    Air  Conditioning  System  Operation. 

(1)  Plac*  the  air  conditioning  master  switch  in  the 
air  cond  -  GTC  position. 

(a)  Cabin  thermostat  blower  runs  (yes  /  no). 

(b)  Aux  vent  valve  (open  /  clo>  .) . 

(2)  If  the  components  failed  to  operate,  it  indicates  a 
defective  component  or  an  open  electrical  circuit. 

Step  2.    Temperature  control  system:    Manual  Operation 

(1)  Place  the  temperature  control  switch  to  •  A'lual  Cool. 
The  temperature  control  valve  moves  toward  (hot  /  cold) • 

(2)  Place  the  temperature  control  switch  to  Manual  Warm. 
The  temperature  control  valve  pulses  toward  (hot  /  cold) . 

Step  3     7  9mperature  control  system:    Automatic  Operation. 
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(1)  Place  the  temperature  control  switch  to  the  AUTOMATIC 
position,  then  rotate  the  temperature  selector  toward  WARM,    The  temperature 
control  valve  pulses  toward  (hot  /  cold) . 

(2)  Rotate  the  temperature  selector  toward  COOL.  The 
tempp ,ature  control  valve  pulses  toward  (hot  /  cold) • 

Step  4.    Aux  Vent  System  Operation: 

(1)    Place  the  master  air  cond  switch  to  aux  vent  position. 

(a)  Aux  vent  valve  (opens  /  closes). 

(b)  Cabin  thermostat  blower  runs  (yes  /  no) . 

(c)  Will  the  Auto  and  Manual  temperature  control 

operate  (yes  /  „.o). 

Step  5.    Return  all  bitches  to  the  NORMAL  position  as  indicated 
la  paragraph  2c  page  7  and  place  trainer  power  to  OFF. 

COMPARE  YOUR  ANSWERS  TO  THOSE  ON  PAGE  10, 
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Answers  to  location  and  identification  Section  IB,  para  la. 

(1)  Temperature  Control  valve. 

(2)  Temperature  Control  Boy* 

(3)  Duct  Anticipator  Thermostat. 

(4)  Hi-Limit  Thermostat* 

(5)  Jabin  Thermostat. 

(6)  Cabin  Thermostat  Blower. 

(7)  Aux  Vent  Valve, 

(8)  Flocr  Heat  Diverter  Valve* 

Answers  to  locations  and  identification  Sect  IB,  para  lb. 

(1)  Air  Conditioning  Master  Switch. 

(2)  Temperature  Control  Switch* 

(3)  Temperature  Selector. 

Answers  to  the  trainer  operation  statements  in  Sect  IB,  para  3a. 

Step  1.      (1)     (a)    YES  Step  3.      (1)  HOT 

(b)     CLOSED  (2)  COLD 

Step  2.      (1)    COLD  Step  4.      (1)     (a)  OPENS 

(2)    HOT  (b)  NO 

(c)  NO 

If  all  of  your  answers  agree  with  the  answers  above*  you  are  ready 
to  begin  troubleshooting.    If  they  do  not  agree,  tell  the  lab  instructor 
you  need  assistance. 
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SECTION  2.    FLIGHT  DECK  AND  CARGO  COMPARTMENT  AIR  CONDITIONING  SYSTEM 
OPERATIONAL  CHECK  AND  TROUBLESHOOTING 

OPERATIONAL  CHECK t 

1.  The  steps  that  you  performed  in  paragraph  3a,  of  section  IB 
involved  operating  each  component  in  the  flight  deck  or  cargo  compartment 
air  conditioning  system.    These  steps  are  used  to  determine  if  each  component 
is  operating  properly  and  they  are  called  operational  checks. 

2.  The  chart  below  lists  step  by  step  procedures  for  performing 
operational  checks  of  the  system.    To  ins  ire  that  you  are  familiar  with 
this  procedure,  turn  the  trainer  power  ON  and  perform  each  of  the  steps. 
After  you  are  sure  you  understand  the  operational  check  procedure,  then 
continue  to  the  troubleshooting  part  of  this  lesson.    You  will  be  required 
to  perform  a  complete  operational  check  for  each  trouble. 

Note:    fhis  chart  is  provided  only  as  a  guide  for  learning  the 
operational  check  procedure. 


POSITIONING  THE  CONTROL  DEVICES 

OPERATING  COMPONENT 

COMPONENT  OPERATION 

Place  the  air  cond  master  switch 
to  the  air  cond-GTC  position 

Cabin  thermostat 
Blower 

Operates 

Place  the  Temp  Control  switch 
to  MANUAL  COOL. 

Temp  Control  Valve 

Runs  Toward  Cool 

Place  the  Temp  Control  switch 
to  MANUAL  WARM. 

Temp  Cox  trol  Valve 

Pulses  toward  HOT 

Place  the  Temp  Control  switch 
to  AUTO 

Rotate  the  Temp  Selector  to 
COOL. 

Temp  Control  Valve 

Pulses  toward  COOL 

Rotate  the  Temp  Selector  to  HOT* 

Temp  Control  Valve 

Pulses  toward  HOT 

Place  the  Air  Cond  Master  switch 
to  AU*  Vent. 

Cabin  Thermostat 
Blower 

Aux  Vent  Valve 

No  Operation 
Opens 

Place  the  Temp  Control  switch  to 
any  position. 

Temp  Control  Valve 

No  Operation 

place  the  Air  Cond  Master 
[Switch  to  Air  Cond  -  GTC 
position. 

Cabin  Thermostat  Blower 
Aux  Vent  Valve 

Operates 
Closes 

Place  the  Temp  Control  Switch 
to  any  position. 

Temp  Control  Valve 

Will  Operate 

Opp.atlor.al  Check  Procedure  Chart 
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TROUBLESHOOTING 


1.  For  each  trouble,  perform  an  operational  check  to  determine  the 
malfunctioning  component.    After  you  determine  the  malfunction,  then  place 
a  statement  in  the  "discrepancy11  block  of  the  attached  troubleshooting 
answer  sheet  that  describes  che  malfunction. 

2.  Using  a  waxed  pencil,  tracr*  the  electrical  circuits  that  operate 
or  controls  the  malfunctioning  component. 

3.  Use  the  multimeter  to  locate  the  cause  of  the  trouble. 

Note:    When  measuring  voltage ,  be  sure  the  meter  is  set  to  the  correct 
voltage  range.    Make  sure  that  you  have  the  negative  (Bl ack)  lead  to 
ground.    Ground  on  the  trainer  is  located  on  the  center  left  of  the 
trainer.    When  checking  the  manual  temperature  control  system,  be  sure 
to  hold  the  temperature  control  switch  to  either  HOT  or  COLD.  When 
measuring  resistance,  be_  sure  the  trainer  power  is  OFF  and  the  meter  is 
set  in  OHMS.    Use  the  OHM  portion  of  the  multimeter  only  to  check  the 
system  when  it  is  isolated  from  the  rest  of  the  circuit. 

4.  Record  the  cause  of  the  trouble  L\  the  cause  block  on  the 
troubleshooting  answer  sheet. 

5.  The  trouble  switch  that  you  are  to  use  for  each  problem  is  listed 
on  the  top  line  of  the  discrepancy  block.  There  are  10  problems  for  you  to 
troubleshoot.  We  will  go  through  the  first  one  with  you  to  show  you  how  to 
arrive  at  the  correct  answer. 

a.  If  you  are  assigned  to  the  Flight  Deck  Air  Conditioning  System, 
place  trouble  switch  number  1C  to  the  IN  position. 

b.  If  you  are  aasigned  to  the  Cargo  Compartment  Air  Conditioning 
System,  place  trouble  switch  number  1  to  the  IN  positiou. 

c.  Perform  an  operational  check  (use  the  operational  check 
procedures  chart.) 

d.  As  you  went  through  the  operational  check  you  found  that  tha 
Tempers  uure  Control  valve  will  not  move  to  the  HOT  position  in  Auto  and 
Manual  position.    Make  the  following  statement  in  the  discrepancy  block  of 
the  ciuubleshooting  answer  sheet. 

"No  control  of  the  T^mp  Control  Valve  in  Auto  and  Manual  Hot/1 

AUTOMATIC  HOT 

1.  Since  the  temperature  control  valve  will  not  operate  in  Auto  and 
Manual  Hot,  tne  trouble  must  be  in  a  wire  or  component  that  is  common  to 
boti".  the  automatic  and  manual  operation.    What  part  of  the  circuit  would 
afrrecc  the  Auto  and  Manuax  operation?.  ••  .To  determine  this  letfs  trace 
the  circuits. 

2.  Trace  the  automatic  hct  operation;  using  a  grease  pencil, 

start  tracing  the  electrical  circuit  at  the  28V  DC  circuit  breaker.  Follow 

12 


375 


• 


the  circuit  to  the  bulkhead  connector  number  2  at  point  "N"  to  the  Master 
Air  Conditioning  Switch. 

3.      Nov  draw  the  master  switch  in  "Ground  Air  Cond  GTC"  position. 
Trace  through  the  switch  to  bulkhead  connector  #2  at  point  "M. 11  Now 
proceed  to  terminal  strip  #2  at  pin  #"1."    You  will  notice  that  there 
are  two  electrical  wires  at  this  point;  trace  the  one  going  to  the 
control  box  electrical  connector  #1  at  pin  lfClf.    Then  trace  to  point 
"B"  inside  the  temp  control  box  and  through  resistor  R-2  to  the  more  heat 
relay  coil.    Energizing  the  more  heat  relay  moving  the  contacts  X-l  and 
X-2  to  the  left. 

A.      Return  to  point  "A"  inside  the  temp  control  box.    Now  trace  from 
point  "A"  through  point  "C"  to  point  "D".    From  point  "D"  trace  to  point 
"E"  through  resistor  R-3  and  up  to  the  cabin  relay  coil.    Energizing  it 
will  move  the  contacts  X-l  and  X-2  to  the  left. 

5.  Return  to  point  "C"  inside  the  temp  control  box.    Trace  this 
^ire  to  pin  "F"  of  conrector  #1  and  follow  it  to  terminal  strip  pin 
#2.    Then  trace  to  pin  "H"  on  tie  bulkhead  connector  #2  and  to  the 
temperature  control  switch. 

6.  Draw  the  temperature  control  switch  in  the  Auto  position.  From 
the  Auto  position  to  bulkhead  connector  #2,  point  "F",  then  to  terminal 
strip  //2,  point  "7",  and  to  pin  "D"  on  the  temp  control  box  electrical 
connecter  #1.    Trace  this  wire  to  X  1  of  the  cabin  relay  and  to  X-2  of 
the  more  heat  relay,  across  the  contacts  and  i'hen  to  pin  "B"  of  connector 
#1  and  to  pin  "B"  of  tw~  temperature  control  valve. 

7.  You  have  now  traced  the  automatic  hot  temperature  control  circuit. 
Now  you  will  trace  the  manual  hot  circuit.    Notice  that  this  circuit  will 
bypas*  the  cabin  relay. 


MANUAL  HOT 


1.  Sta»t  ac  the  28  V  DC  circuit  breaker.    Follow  tne  circuit  to 
the  bulkhead  connector  //2  at  pin  "N".    With  the  master  svi     -  in  "Ground 
Air  Cond  G.T.C.11  trace  through  the  switch  to  bulkhead  conn.  .  :or  #2  to 
pin  "M" .    Now  move  to  terminal  strip  #2  to  pin  "1".    Notice  that  there 
are  two  electrical  wires  at  this  point  % 

2.  Trace  the  one  that  goes  to  the  control  boy  electrical  conn*rtor 
ill  at  pin  "C"  and  to  the  more  heat  relay  coil*    Energizing  the  more  h6a£ 
relay  moves  the  contacts  X-l  and  X-2  to  the  left. 

3.  Return  to  point  "A"  inside  the  temp  control  box.    Trace  to  point 
,fCfl  incide  the  control  box  and  then  pin  *'F"  of  electrical  connector  il. 
From  pin  "F"  you  trace  to  terminal  strip  #2,  pin  #2  *nJ  then  pin  "H"  of 
the  bulkhead  connector;  from  pin  llHfl  to  the  temperature  control  switch. 


4.     Now  draw  the  temperature  control  switch  to  the  manual  warm 
position.    Trace  the  wire  to  pin  "G$l  of  the  bulkherd  connector  and  then 
pin  "5"  of  terminal  strip  #2.    Now  trace  from  pin  #5  on  the  terminal  atrip 
to  pin  "E"  of  electrical  connector  tfl.    Fol3oi*  this  wire  from  pi)    ,*M  to 
X-2  cf  the  more  heat  relay  >  through  the  contact  to  pin  "B"  of  electrical 
connector  //l  and  to  pin  "B"  on  the  temperature  control  valve. 
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a.      From  the  circuit  that  you  hav*  traced ,  what  part  of  the 
circuit  is  corunon  to  both  automatic  and  manual  hot? 


b.  Any  troubles  in  the  circuit  from  the  28V  DC  circuit  breaker 
to  the  master  switch  and  to  pin  "C"  of  the  temperature  control  box  would 
affect  hot  and  cold  both.    So  we  can  eliminate  these  circuits  as  possibili- 
ties for  our  trouble. 

c.  Any  troubles  in  the  circuit  from  auto  position  of  the 
temperature  control  switch  to  X-2  of  the  cabin  relay  would  affect  the 
system  in  automatic  operation  only*    Any  troubles  in  the  circuit  from 
manual  warm  to  pin  "E"  at  the  temperature  control  box  would  affect  manual 
warm  only.    So,  again,  we  can  eliminate  these  circuits  as  possibilities. 

d.  However  current  has  to  travel  from  X-2  of  the  more  heat 
relpy,  through  pin  lfB"  of  the  electrical  connector  #2,  and  to  pin  "B" 
of  the  temperature  control  valve  for  both  auto  and  manual  hot.  Now 
troublesi-oot  to  determine  exactly  where  our  problem  is. 

e.  Set  the  PSM-37  to  28V  DC.    Place  the  master  switch  to  the 
"Ground  Air  Cond  G.T.C."  pos.  ion  and  the  temperature  control  switch  to 
automatic.    Rotate  the  temperature  selector  to  warm.    Disconnect  the 
electrical  connector  at  the  temperature  control  val/e. 

f .  Place  the  black  lead  on  the  PSM-37  to  ground  and  the  red 
lead  to  pin  "B"  of  the  electrical  connector.    You  should  read  28V  DC. 
However,  you  will  notice  that  there  is  not  voltage  at  this  point. 

g.  Leaving  the  electrical  connector  disconnected,  remove 
connector  #1  from  the  control  box*    Looking  at  your  wiring  diagram, 
notice  :hat  when  the  connecter  is  removed,  the  voltage  is  lost*  This 
is  because  it  goes  in  pin  f,C"  of  the  control  box  and  comes  out  at  pin 
"B"  on  the  control  box.    Due  to  the  loss  of  voltage  it  means  ve  will  have 
to  set  the  PSMr-37  on  OHMS . 

h.  After  you  set  the  meter  on  OHMS,  place  one  lead  in  pin  "B,f 
of  the  temperature  control  valve  connector  and  the  othei  lead  in  pin  ,fBff 
of  the  electrical  connector  #1*    You  should  read  continuity,  but  yc  will 
notice  that  the  meter  reads  infinity.    This  reading  indicates  an  of  i 
between  these  two  points*    Looking  at  your  wiring  diagram  you  will  see 
that  auto  and  manual  must  come  through  this  wire  to  make  the  temperature 
control  valve  operate.    Place  this  statement  in  the  cause  block* 

Open  Wire  H212A20 

Note;    If  you  are  on  the  flight  deck  air  conditioning  system,  place 
trouble  switch  #10  out  and  move  on  to  trouble  #1. 

If  you  are  on  the  cargo  compartment  air  conditioning  system,  place 
trouble  switch  #1  out  and  move  on  to  trouble  #2* 

Note:    When  troubleshooting  the  temperature  control  system  and  either 
a  connector  #1  or  #2  is  removed,  this  disconnects  the  power  going  to 
the  tauperature  control  box*    To  continue  troubleshooting  the  system 
the  multimeter  must  be  placed  to  the  OHMS  position* 

14 

ERiC  377 


Troubleshooting  Response  Sheet 


TROUBLE 

SWITCH 

NUMBER 

Discrepancy 

  ■   ■  ■  i 

Cause 

1 

2 

3 

4 

5 

—  ... 

6 

.                      i  .   

7 

8 

9 

10 

rtdEN  COMPLETED,  REPORT  TO  THE  INSTRUCTOR 

Instructors  signature  showing  setiafaoory  completion  of  this  objective. 
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MAINTENANCE  MANAGEMENT 

OBJECTIVE 

Upon  completion  of  this  unit  of  instruction,  you  should  be  able  to 
identify  the  functions  and  responsibilities  of  the  Deputy  Commander  for 
Maintenance  (DCM),  by  answering  a  minimum  of  four  of  five  questions 
correctly. 

INTRODUCTION 

Everyone  in  a  maintenance  career  field  in  the  Air  Force  should  hav,. 
some  knowledge  of  maintenance  management.    Even  first  term  airmen  should 
have  a  basic  understanding  of  the  system  so  there  won't  be  any  frustration 
caused  by  not  knowing  what  is  required  of  them  and  where  they  are  in  the 
maintenance  complex.    This  unit  of  instruction  covers  the  basics  of  the 
maintenance  management  system  now  in  use. 

Note:    The  technical  information  contained  herein  is  sufficient 
for  this  text  only.    For  comprehensive  and  in-depth  coverage  of 
the  maintenance  organizations  and  Deputy  Commander  for  Maintenance 
functions,  refer  to  the  appropriate  AFR  66-1  and/or  66-5. 

These  are  the  only  two  concepts  used  in  aircraft  maintenance  organiza- 
tions.   Organizations  operating  under  the  procedures  of  AFR  66-1  use  the 
"Centralized  Maintenance  Concept11  (CMC) ,  and  those  organizations  operat  \g 
under  the  procedures  of  AFR  66-5  use  the  "Production  Oriented  Maintenance 
Organization  Concept"  (POMO) . 


OPR:  3370  TChTG 
DISTRIBUTION:  X 
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INFORMATION 

MAINTENANCE  ORGANIZATIONS 

If  any  group  of  people  work  together  to  complete  a  common  purpose  or         */f  '    ^  ^ 
mission,  they  must  be  organized.    When  they  are  organized,  the  efforts  of  ' 
the  group  are  directed  toward  "mission  accomplishment. M    Uit1  -nit  good,  sound 
organization,  individual  efforts  become  ineffective,  and  chaos  is  apt  to 
start. 

The  goal  of  the  Air  Force  is  to  have  offensive  and  defensive  air  power  w 
for  the  UnitPd  States.    To  do  this  goal,  there  are  many  side  goals  that  must 
be  d^ue.    One  of  the  most  important  of  thep~  side  goals  is  assigned  to  the 
airciaft  maintenance  organization. 

AFR  66-1  "CENTRALIZED  MAINTENANCE  MANAGEMENT  CONCEPT" 

The  purpose  of  AFR  66-1  is  to  set  up  a  staff  body  or  agency  in  t'<e 

maintenance  unit  to  control  the  maintenance  effort.    AFR  66-1  is  to  ensure 

centralization,  standardization,  and  cost  effective  operation  of  support 
and  strategic  Air  Force  units. 

Now  that  you  know  the  maintenance  organization  you  will  be  using,  ~  ^  ^_  *  -l. 

it  is  just  as  important  to  know  where  you  fit  in  the  wing,     (^pe  figure  l.)T  ^ 

To  know  the  wing  structure  better,  we  must  know  how  each  function  |  J  „  j  ,.-( 

fits  into  the  overall  wing's  mission. 

We  will  look  at  a  wing's  functions  and  their  responsibilities  to  the 
overall  mission  accomplishment.    As  you  may/ already  know,  a  wing  is  the 
smallest  Air  Force  unit  which  is  self-sustaining.    Each  wing  may  be  divided 
into  three  main  functions:    Operations,  Maintenance,  and  Support.  Each 
of  these  does  a  specific  and  important  task  to  enable  the  wing  to  do  its 
assigned  mission. 

OPERATIONS:    As  the  name  implies,  Operations  is  concerned  with  the 
operation  of  the  assigned  aircraft  or  missiles.    This  responsibility  includes  ° 
execution  of  the  assigned  peacetime  mission  as  well  as  the  training  of 
personnel  to  make  sure  of  readiness  for  the  wartime  mission. 

MAINTENANCE:    The  wing's  maintenance  organization,  where  you  will  work, 
is  responsible  for  maintaining  the  aircraft  and  taeir  associated  hardware. 
Maintenance  must  ensure  that  the  assigned  aircraft  or  missiles  are  maintained 
in  the  best  condition  possible  with  the  resources  available.    To  accomplish 
this,  the  maintenance  organization  will  generally  control  the  larger  part  of 
a  wing's  total  resources.    (This  is  where  you  come  in.    You  will  be  involved 
in  some  aspects  of  managing  the  wing's  maintenance  resources.) 

SUPPORT:    This  is  the  third  vital  function  in  a  wing's  structure. 
Support  includes  all  of  the  elements  necessary  to  make  the  wing  self- 
sustaining:    Transportation,  Supply,  Medical  Services,  Base  Services,  etc. 

Obvioucly,  since  these  three  wing  functions  are  all  dedicated  to  one 
overall  wing  goal,  it  is  necessary  that  they  work  together.    In  fact,  you 
will  find  that  there  will  be  areas  in  a  wing  where  responsibilities  overlap 
and  other  areas  where  responsibilities  must  be  shared  by  two  or  more  of  the 
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Figure  1.    Chain  of  Command  for  the  Deputy  Commander  for  Maintenance. 
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functions  involved.    This  type  of  relationship  between  wing  func  tions  is 
necessary  to  avoid  duplication  and  waste.    It  requires  a  closely  coordinated 
work  effort  among  Operation,  Maintenance,  and  Support  to  ensure  t!   t  all 
objectives  are  met  in  an  effective  and  timely  manner. 

DEPUTY  COMMANDER  FOR  MAINTENANCE  (DCM) 

Since  the  maintenance  organization  is  one  part  of  the  wing,  y„  «rill 

find  it  easier  to  know  the  organizational  structure  of  a  maintenance  complex 

beginning  with  the  DCM  and  his/her  staff.     (The  DCM's  staff  agencies  will  be 

discussed  in  the  next  PT.)  Even  though  there  are  two  management  concepts, 

the  DCM's  responsibilities  are  similar.    Any  difference  will  be  addressed 
separately  in  this  text.    Each  of  the  management  concepts  will  also  be 
discussed  later.  . 

Maintenance  is  a  vital  part  of  the  organizational  structure  of  the  Air 
Force.  No  matter  where  you  are  assigned,  the  personnel  on  the  staff  of  the 
DCM  are  important  to  the  mission  of  your  unit. 

The  qualifications  of  the  DCM  are  great  and  complex.    The  job  of  the  DCM 
is  like  that  of  vice  president  of  engineering  for  a  big  corporation.    The  DCM 
must  be  highly  qualified  in  leadership,  management,  i  i  administration.  The 
maintenance  organization  of  our/operational  wing  is  larger  and  more  complex 
than  the  operation  of  many  commercial  companies.    The  DCM  is  a  position 
established  at  the  highest  level  of  operational  control  and  the  person  who 
is  in  this  position  is  usually  the  senior  officer  and  is  always  the  most 
qualified  maintenance  officer  in  the  organization.    The  DCM  is  the  executive 
manager  of  the  maintenance  organization  and  exercises  centralized  contol 
and  direction  ever  all  functions  of  the  activity. 

The  DCM,  through  staff  agencies  (provided  for  their  use  a*>  assistants), 
manages,  plans,  controls,  executes,  and  produces  the  work  needed  to  fulfill 
their  functional  responsibilities.    The  staff  agencies  act  in  the  name  of 
the^DCM  on  those  matters  for  which  they  have  been  given  responsibility.  The 
DCM  s  staff  agencies  must  give  the  direction  and  guidance  essential  for  all 
subordinates  to  stare,  apply,  and  comply  with  local  and  higher  headquarters 
directives. 

Though  not  limited  to  these,  the  responsibilities  of  the  DCM  are  to 

a.  Make  sure  that  all  maintenance  done  on  assigned  equipment*,  is 
timely  and  of  high  quality. 

b.  Give  the  necessary  direction  and  guidance  for  implementing 
maintenance  policies  and  procedures. 

c      Give  the  amount  of  authority  that  i^  necessary  for  staff  and 
production  act-v^ties  to  perform  assigned  responsibilities. 

d.  Control  the  assignment  of  all  maintenance  personnel. 

e.  Make  sure  laws,  regulations,  and  policies  pertaining  to 
personnel  assigned  to  the  maintenance  complex  are  obeyed. 

f .  Coordinate  with  operations  activities  in  establishing  maintenance 
support  requirements. 
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g.  Make  sure  that  requirements  necessary  to  support  the  maintenance 
mission  are  included  in  plans,  programs,  and  host-tenant  agreements, 

h.  Control  the  assignment  and  ust  of  maintenance  facilities, 

i.  Make  sure  that  effective  safety  programs  are  established  throughout 
the  maintenance  complex, 

j.      Start  a  utilities  conservation  program, 

k.      Manage  the  financial  program  within  the  maintenance  complex, 

1.      Make  sure  that  a  very  good  training  program  is  established 
throughout  the  maintenance  complex, 

m.      Make  sure  that  Engineering  and  Technical  Service  personnel  are 
effectively  used  in  the  maintenance  training  program, 

n,      Set  up  procedures  to  restrict  nuclear  weapon  movement  information, 

o.      Support  the  Maintenance  Management  Information  and  Control  System 
(MMICS). 


The  complexity  of  the  overall  responsibilities  of  the  DCM  is  such  that 
some  of  them  are  normally  handled  by  a  group  of  staff  agencies  or  sections. 
As  we  mentioned  before,  the  DCM  and  staff  agencies  must  plan,  control, 
execute,  direct,  and  guide  subordinate  activities  in  accomplishing  the 
assigned  mission.    The  supervisors  of  these  agencies  are  on  his  staff  to 
furnish  him  with  the  technical  support,  data,  and  coordination  required  for 
effective  management  of  the  activity.    They  assume  responsibilities  for 
certain  control  functions  which  are  common  to  all  maintenance  activities, 
each  agency  being  responsible  for  certain  related  and  interdependent 
functions. 
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DCM  STAFF  AGENCIES 
FUNCTIONS  AND  RESPONSIBILITIES 


Ubjective 


Identify  the  basic  functions  of  the  DCMfs  staff  by  Enswering  a 
minimum  of  eight  of  ten  questions  correctly. 

Introduction: 

This  lesson  is  designed  to  introduce  you  to  the  organizational 
structure  of  the  Air  Force  management  concepts  found  in  AFR  66-1, 
Maintenance  Management 

Specifically,  it  contains  an  overview  of  the  staff  function    of  the 
DCM,  and  the  responsibilities  of  each. 

While  reading  this  SG,  it  is  of  your  benefit  to  study  figure  2 
on  the  next  page  in  this  SG. 

The  technical  information  contained  herein  is  sufficient  for  this 
text  only.    For  a  more  comprehensive  and  indepth  coverage  of  the 
maintenance  management  concept,  refer  to  AFR  66-1. 

The  purpose  of  AFR  66-1,  is  to  set  up  a  staff  body  or  agency  in  the 
maintenance  unit  to  control  the  maintenance  effort.    ArR  66-1  is  to  ensure 
centralization,  standardization  and  cost  effective  operation  of  support 
and  strategic  Air  t-orce  units. 

MANAGEMENT  SUPPORT 
MAINTENANCE  MANAGEMENT  DIVISION 

Administration  (1  ) 

Administration  is  the  administrative  management  center  of  the 
maintenance  complex,  and  the  focal  point  for  all  correspondance  and 
reporting.    Administration  keeps  correspondence  files,  prepares  and 
submits  maintenance  reports,  and  controls  maintenance  administrative 
procedures  as  directed  by  the  DCM. 

of  the^Dnf  omSr^i°^aCtiV\ty  18  reSP°nsible  f°r  administrative  support 
or  the  ULM  office  and  the  maintenance  complex. 
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APR  66-1 


DEPUTY  COMMANDER 
FOR 
MAINTENANCE 


"MANAGEMENT  SUPPORT" 


(1 )  ADMINI STRATION 

(2)  PRODUCTION 

ANALYSIS 
(3  )  TRAINING 

MANAGEMENT 

(4)  PRUGRAMS  and 

MOBILITY 

( 5 )  MA  I NTENANCE 

MANAGEMENT 
INFORMATION 
CONTROL  SYSTEM 
(MMICS) 


(6)QUALITY  CONTROL 

( 7  )MAINTENAIMCE  CONTRUL 

Activity  Inspec- 
tions 

Inspection 
Catagories 

Maintenance 
Standardization 
and  Evaluation 
Program 

Quality  Assurance 
Program 

Quality  Control 
Reports 
'       Deficiency  Analy- 
!  sis. 

JOB  CONTRUL 

PLANS  and  SCHEDULING 

and  DOCUMENTATION 
MATERIAL  CONTROL 

DEPUTY   COMMANDER  FOR  MAINTENANCE 
STAFF  AGENCIES 


Figure  2. 


3&G 


Production  Analysis  (2) 


Production  Analysis  is  the  primary  managemenL  information  source  'or  the 
•    Tne  overall  objective  is  to  provide  information  to  be  used  to  improve 
the  maintenance  operation.    This  is  done  through  the  examination  of  various 
maintenance  management  output  product  reports  and  the  identification  of  trends 
that  are  developing.    Manhour  and  maintenance  data,  equipment  status,  and 
other  reports  received  by  maintenance "in  the  form  of  machine  listings  contain 
alot  of  data,    By  the  analysis  process  information  can  be  obtained,  that  would 
assist  management  to  make  changes.    Analysis  should  not  limit  themselves  to 
pointing  out  only  general  areas  for  investigation.    The  analysis  process 
should  identify  deficiences  of  a  workcenter,  particular  equipment,  maintenance 
practices,  or  management  actions.    They  will  also  hold  the  responsibility 
in  the  assigning  of  workcenter  codes,  for  the  various  shops  throughout  the 
bace  facility. 

Training    Management  (3) 

The  basic  responsibility  for  training  lies  with  the  production  unit 
commander.    This  responsibility  is  fulfilled  through  theunit  training  activ- 
ity.   How  ever,  as  the  functional  manager,  the  DCM  has  the  overall  respon- 
sibility for  maintaining  a  balance  of  skills  within  the  maintenance  complex, 
and  ensuring  that  maintenance  personnel  receive  all  necessary  training.  To 
fulfill  this  responsibility,  Training  Management  ensures  that  a  continuous, 
well  organized  maintenance  training  program  is  set  up  throughout  the 
maintenance  complex. 


Programs  and  Mobility  (4) 

Programs  and  Mobility  procides  the  DCM  with  support  in  developing  and 
maintaining  programs  and  plans.    As  the  focal  point  in  maintenance  for  mission 
and  support  plans,  it  essembles  and  gives  inputs  to  plans.    It  also  serves  as 
the  overall  financial,  manpower  and  facilities  manager  for  the  DCM.  Programs 
and  Mobility  conducts  annual  staff  assistance  visits  to  each  maintenance  unit 
in  order  to  ensure  that  a  viable  problem  exists  in  the  areas  of  mobility,  fin- 
ancial management  and  personnel  management  as  well  as  facilities  monitoring. 

Maintenance  Management   Information  and  Control  System  (MMICS)  (5) 
Files  Maintenance   (MMICS)  (5) 

MMICS,  collects  and  processes  maintenance  information  which  are  essential 
parts  of  Air  Force  maintenance  management.    There  are  several  systems  designed 
to  provide  needed  management  data  as  part  of  the  overall  maintenance  management 
information  system.    Keeping  the  maintenance  personnel  listing  is  mandatory 
for  all  commands  and  units  documenting  maintenance  in  accordance  with  the  base 
level  Maintenance  Data  Collection  System. 

The  MMICS  is  provided  to  help  the  DCM  with  the  tasks  that  can  be  efficiently 
and  effectively  handled  by  a  computer. 
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Quality  Control  (QC)  (6) 


Maintenance  quality  and  reliability  is  the  responsibility  of  all 
maintenance  personnel.    The  combined  efforts  of  QC  personnel,  maintenance 
supervisors,  and  technicians  are  necessary  to  insure  high  quality  maintenance 
production  and  equipment  reliability.    Maintenance  Supervisors  are 
responsible  for  safety  of  flight,  safety  of  equipment  operation,  and 
quality  maintenance  production.    The  QC  staff  evaluates  the  quality  of 
maintenance  organizations1  QC  program. 

QC  serves  as  the  primary  technical  advisory  agency  in  the  maintenance 
activity,  helping  the  production  supervisors  and  the  DCM  in  the  resolution 
of  quality  problems.    The  evaluation  and  analysis  of  deficiencies  and 
problem  areas  are  a  key  function  of  QC. 

QC  must  assure  that  technical  and  management  procedures  are  followed. 

Maintenance  Control  (7) 

Maintenance  Control  is  the  only  staff  function  involved  directly  in 
the  maintenance  production  under  the  DCM.    The  staff  elements  are  assigned 
directly  under  Maintenance  Control. 

Maintenance  Control  must  direct  the  maintenance  production  activity, 
using  resources,  and  controlling  the  actions  that  are  required  to  support 
the  mission*    Maintenance  Control  plans,  schedules,  direct,  and  controls 
all  maintenance  on  aircraft,  and  related  equipment.    To  carry  this  out, 
Maintenance  Control  is  set  up  into  three  parts: 

•  Job  Control 

•  Plans  &  Scheduling  &  Documentation 

•  Materiel  Control 

If  you  should  walk  into  Maintenance  Control,  you  would  find  a  few 
display  boards  representing  the  flight  line  and  the  places  where  aircraft 
and  equipment  are  found.    Some  displays  show  the  work  to  be  done,  work 
in  progress,  and  projected  work  start  and  stop  times.    In  the  midst  of 
all  this  you  would  see  a  few  people  answering  phones  and  radio  calls  to 
dispatch  specialists  and  equipment  to  a  few  areas  on  the  flight line.  You 
can  readily  understand  why  we  call  Maintenance  Control  the  nerve  center 
of  the  maintenance  organization. 
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MAINTENANCE  DATA  COLLECTION 


OEJECTIVES 

Identify  facts  relating  to  Maintenance  Data  Collection  by  answering 
a  minimum  of  four  of  five  questions  correctly. 

Identify  facts  for  processing  and  controlling  material  with  100% 
accuracy • 

INTRODUCTION 


Have  you  ever  really  tried  to  keep  up  with  the  maintenance  that  is  done  on 
your  car?    Unless  you  are  the  type  that  performs  his/her  own  maintenance  and 
inspections,  and  keeps  accurate  records,  it  car  get  confusing.    You  take  your 
car  to  one  place,  and  they  complete  forms,  telxing  you  what  they've  done  to  it; 
then  you  take  it  to  another  place  and  they  fill  out  their  forms  which  are  different, 
and  before  you  know  it  you  are  so  confused  as  what  is  dore  and  still  needs  to  be 
done  that  you  are  pulling  your  hair  out  by  the  roots!!!    Every  place  you  take  your 
car  for  the  different  "specialists"  to  perform  their  maintenance,  there  is  a 
different  form,  with  sometimes  very  confusing  but  important  information. 

Some  maintenance  can  be  scheduled.    For  example,  oil  changes,  oil  filters, 
air  filter,  spark  plugs,  wheel  allignments,  etc.  can  be  scheduled  in  advance./ 
These  are  things  that  you  may  work  into  your  budget  to  get  them  done.  Sometimes 
things  happen  by  surprise,  like  transmission  failure  and  engine  proglems.  These 
things  you  can't  plan  on  and  are  unscheduled  maintenance. 

Sometimes  even  when  we  do  our  own  maintenance,  unless  we  keep  a  record  of 
what  and  when  the  maintenance  was  done,  we  can  hava  a  difficult  time  remembering 
when  certain  things  are  due  again. 

As  you  know,  you  will  be  performing  scheduled  and  unscheduled  maintenance 
on  aircraft.    Along  with  this  maintenance  you  will  have  to  maintain  maintenance 
and  historical  records  on  all  maintenance  that  is  performed.    Just  like  every  place 
you  take  your  car  for  maintenance,  they  have  a  particular  form  and  wa>     "  filling 
out  that  form*  so  does  the  Air  Force.    This  i3  called  the  Maintenance  Data 
Collection  System. 

Thebt=  forms  are  numbered,  such  as  AFTO  Form  349,  AFTO  Form  350,  and  AFTO  Form 
781A.    The  abbreviation  AFTO  identifies  this  form  as  an  Air  Force  form  and  has 
a  Technical  Order  written  in  order  to  complete  the  form  properly. 

We  will  learn  in  this  lesson  how  to  use  these  TOs    and  when  to  which  TO  for 
what  AFTO  Form.    We  will  also  le  am  the  AFTO  form  that  is  used  to  process  and 
control  material  (parts)  for  repair  or  to  be  condemned  and  returned  to  Depot. 

Before  we  begin,  be  sure  to  read  and  follow  this  PT  very  carefully.  Should 
any  problems  arise,  ask  the  instructor  for  help/assistance. 
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INFORMATION 


ERIC 


Title  P*ge 

TO  Number:    The  TO  number  is  written  in  the  upper  right  corner  of  the  title 
nnp;e  and  in  the  upper  left /right  corners  of  the  pages  thereafter.     (This  binder 
contains  four  different  00-20  TOa.    So  if  vou  ever  have  difficulty  ftndinp  the 
information  we  are  talking  about,  the  first  thing  you  should  do  is  check  the  number 
in  the  upper  left/right  corner  of  the  page.)    In  this  case,  we  are  in  TO  00-20-1. 
Each  TO  number  is  divided  into  at  least  three  parts  and  each  part  is  separated  by 
a  dash.    Each  part  of  the  TO  number  identifies  what  the  TO  is  all  about. 


00. 


The  00  in  the  first  part  of  this  TO  number  identifies  methods  and  proce- 
dures . 


-20.    Tells  us  this  TO  pertains  to  the  MDC  system. 

-1.    Says  General  requirements  for  all  AFTO  Forms. 

If  we  take  this  TO  number  breakdown  and  put  it  together  we  would  have,  "The  methods 
and  procedures  for  the  MDC  system  that  is  applicable  to  all  AFTO  Forms." 

TO  Title;    The  title  of  this  TO  is  "PREVENTIVE  MAINTENANCE  PROGRAM  GENERAL 
REQUIREMENTS  AND  PROCEDURES."    This  is  a  brief  statement  as  to  the  type  of  infor- 
mation that  is  found  inside  this  TO  and  is  located  in  the  top  center  of  the  Title 
Page. 

Distribution  statement:    The  distribution  statement  tells  us  that  the  TO  is 
limited  to  US  Government  use,  and  if  we  would  like  to  order  a  copy  we  must  write  to 
Tinker  APB,  Oklahoma.    The  distribution  statement  is  written  in  the  bottom  center  of 
the  title  page. 

Publishing  Statement:  ;JTie  publishing  statement  says  who  authorized  this  TO  to 
be  published.    The  Secretary  of  the  Air  Force  said  this  TO  will  be  published  which  is 
like  they  are  telling  you  on  paper  what  to  do.    Since  this  is  a  Technical  "Order, 99 
If  you  do  not  use  this  and  comply  with  the  orders  contained  in  this  and  all  TOs, 
you  are  failing  to  obey  an  order  given  you  by  the  Secretary  of  the  Air  Force,  which 
is  as  bad  if  not  worse  than  telling  your  supervisor  that  you  will  not  do  what  he  is 
telling  you  to  do.    "ALL  TOs  ARE  A  MILITARY  ORDER!" 

The  publishing  statement  is  written  in  the  bottom  center  of  the  Title  page.  ^ 

Dates:    If  you'll  look  in  the  bottom  right  comer,  you'll  see  two  dates.  The 
top  date  of  1  January  1979  is  the  date  this  TO  was  published.    Below  this  date  is 
CHANGE  10  15  February/L983,  and  tells  us  since  1  January  1979  this  TO  has  had  10 
changes  and  change  10  was  put  in  effect  15  February  1983. 

TOs  usually  change  quire  a  bit.    The  infomation  mav  not  be  clear  enough  to 
comply  with  or  may  be  misleading  as  it  is  written.    Because  the  Air  Force  wants  us 
to  use  these  and  all  TOs,  they  go  to  unending  limits  to  make  the  information  clear 
and  precise.    Sometimes  thev    *el  they  need  to  add  information  to  a  TO,  so  it  is 
added  for  our  benefit.    TOs  are  written  for  vou!    Use  them! 
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[LISTS  OF  EFFECTIVE  PAGESl       Page  A. 


Turn  the  Title  Page  over.    In  the  lower  left  corner,  you'll  find  the  letter 
A.    This  is  the  page  letter.     (Page  numbers  will  begin  later  in  this  TO.)    If  you'll 
look  in  the  upper  left  corner  you'll  find,  inside  a  box,  |LISTS  OF  EFFECTIVETAGES|. 
If  you  read  throuph  this  page,  beginning  with  this  box,  you'll  find  next  to  this 
box  what  to  do  in  case  of  a  TO  change.    Beneath  this,  there  is  a  NOTE:    This  note 
tells  how  we  can  identify  a  changed  portion  of  a  page,  which  the  latest  change  has 
affected.    Next  we  find  the  dates  that  each  change  was  published,  and  below  this, 
the  total  number  of  pages  in  this  TO  and  the  change  number  of  each  page,  if  any. 

Page  A  is  common  to  all  TOs,  and  is  located  on  the  back  of  the  title  page. 
Table  of  Contents    Page  i 

This  page  is  called  the  Table  of  Contents  and  is  aTJ/ery  imDortant  tool  in 
finding  information  in  this  TO.    The  Table  of  Contents-^s  divided  into  three 
columns.    From  left  to  right  the  titles  of  the  three  columns  are: 

SECTION  TITLE  PAGE 

Section:    This  tells  us  what  section  of  the  TO  information  is  found.  Section 
one  pertains  to  GENERAL  information.     Section  II  pertains  to  ADMINISTRATIVE  REOUIRE- 
MENTS  FOR  MAINTENANCE  DOCUMENTS.    Notice  under  the  word  P'.GE  how  the  first  number 
before  the  dash  changes  depending  on  what  section  of  the  TO  we  are  in. 

Title:    In  the  center  of  the  page  we  have  the  titles  of  information.  Under 
GENERAL,  Section  I,  we  first  of  all  have  the  Purpose  of  this  TO  and  all  information 
that  is  of  general  nature.    In  section  II  we  will  find  information  pertaining  to  the 
administrative  requirements.    Whenever  I  hear  the  word  "administrative,"  I  think  of 
filing,  typing  and  things  that  a  secretary  would  do.    Well  section  II  pertains  to 
just  that  kind  of  information. 

Page:  In  column  three,  we  find  a  list  of  page  numbers.  You  already  know  that 
the  first  number,  before  the  dash,  is  the  section  number.  The  number  after  the  dash 
is  the  actual  page  number  or  the  order  of  information  in  which  it  is  found.  To  the 
left  of  the  title  we  have  another  set  of  numbers.  These  numbers  are  paragraoh  num- 
bers. If  we  were  looking  for  informat:.on  pertaining  to  contract  maintenance  oper- 
ations, we  would  find  the  title  in  section  one.  We  would  find  the  information  that 
we  are  looking  for  in  paragraph  1-7  on  page  1-2. 

As  we  continue  looking  through     e  Table  of  Contents,  vou  will  notice  a  black 
vertical  line  next  to    page  number  2-6.    Remember  what  this  stands  for?    If  not,  go 
back  to  page  A  in  the  TO  and  read  the  note  in  the  upper  center  part  of  the  page! 

In  section  IV  we  have  MAINTENANCE  INSPECTIONS  METHODS  AND  PROCEDURES  AND 
ACCESSORY  REPLACEMENT  AND  REUSE  REQUIREMENTS.    Turning  to  paee  ii,  there  are  two 
more  sections  -  V  and  VI. 

Also  included  in  the  Table  of  Contents  is  the  list  of  illustrations.    This  is 
used  when  you  want  to  see  a  picture  of,  in  this  case  AFTO  Forms,  what  the  TO  is 
describing.    On  page  iii,  we  find  the  list  of  tables,  which  has  problem  areas  that 
n        of  people  have  had,  so  a  table  was  written  for  these  particular  problems  and 
\\t  to  do  in  case  you  should  have  the  same  problem  some  time  in  your  Air  Force 
•  .'pr. 
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Always  u8e  the  Table  of  Contents  when  you  are  looking  for  information  inside  a 
ro.    It  helps  you  to  find  the  information  much  faster  and  easier.    If  there  is 
something  inside  the  TO  that  you  don't  understand,  such  as  an  astrisk  or  some  kind 
of  markings,  always  look  to  the  page  A  for  a  definition  of  these  markings.    If  the 
narking  isn  t  listed  there,  it  may  be  identified  in  the  first  paragraph  of  that 
section.    If  not,  ask  your  instructor  if  he/she  will  identifv  it  for  you. 


TO  00-20-2-2 

ON-EQUIPMENT  MAINTENANCE  DOCUMENTATION  FOR  AIRCRAFT;  AIR-LAUNCHED  MISSILES;  GROUND- 
LAUNCHED  MISSILES,  EXCEPT  ICBMs;  DRONES;  AND  RELATED  TRAINING  EQUIPMENT 

Turn  to  TO  00-20-2-2. 

Lets  begin  this  part  of  the  lesson  by  discussing  this  TO  number.  You 
probably  already  noticed  this  TO  number  has  four  parts.    Lets  find  out  what 
these  parts  identify. 

00  The  00  identifies  the  same  as  in  the  last  TO  number.    Methods  and 
procedures . 

-20  The  20  still  identifies  the  same  thing,  MDC  System. 

-2    The  -2  identifies  a  particular  AFTO  Form(s).     In  this  case  the 
AFTO  Form  349.  and  the  AFTO  Form  350.     (see  Table  of  Contents) 

-2  The  last  part  is  a  -2,  and  this  identities  what  piece  of  equipment 
this  TO  applies  to.  You  can  tell  by  the  title,  this  TO  applies  to 
Aircraft . 

If  we  were  to  take  this  breakdown  and  put  it  all  together,  we  would  have: 

The  Methods  and  Procedures  for  the  MDC  system,  for  completing  AFTO 
Forms  349/350  when  working  on  the  aircraft. 

The  'A'  page,  and  the  Table  of  Contents  work  the  same  in  this  TO  as  in 
the  last  TO.     (00-20-1),  and  has  the  same  format  as  used  in  the  last  TO. 


Lets  proceed  to  the  next  TO. 
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TO  OO-20-2-1O 


OFF-EQUIPMENT  MAINTENANCE  DOCUMENTATION  FOR  SHOPWORK,  CONVENTIONAL  MUNITIONS,  AND 
PRECISION  MEASUREMENT  EQUIPMENT 

In  this  TO  number  the  only  part  that  has  changed  is  the  fourth  part  (-10). 

We  still  have  a  Methods  and  Procedural  TO,  (oo).    !Te  still  have  a  TO  that 
pertains  to  the  MDC  System,  (-20).    The  Third  Part  is  st;il  -2,  ana  by  looking  at  the 
Table  of  Contents,  this  TO  still  pertains  to  the  same  AFTO  Forms  349/350.  Now 
what  does  the  -10  in  the  fourth  part  identify?    Notice  the  TO  Title,  where  it  says 
in  the  beginning,  CFF-EQUIPMENT  MAINTENANCE  DOCUMENTATION  FOR  SHOPWORK. 

So  we  have  a  Methods  and  Procedures  TO  for  the  MDC  System,  for  documenting 
maintenance  on  the  AFTO  Form  349/350,  when  working  IN- SHOP. 

The  Page  'A1  is  the  same  for  all  TOs  except  for  the  specifics  pertaining 
£o_the  TO  you  are  using.    The  Table  of  Contents  is  on  the  same  basic  format  as  the 
0s,  (NOTICE:     the  00-20-2-2,  and  00-20-2  10  Table  of  Contents  are  almost  identical). 


TO  00-20-5 


AIRCRAFT,  DRONE,  AIRCREW  TRAINING  DEVICES,  ENGINES,  AND  AIR-LAUNCHED  MISSILE 
INSPECTIONS,  FLIGHT  REPORTS,  AND  SUPPORTING  MAINTENANCE  DOCUMENTS. 

TO  00-20-5    begins  no  differently  than  the  other  TOs.     It  also  has  a 
Title  Page,  an  'A1  page,  and  a  Table  of  Contents. 

The  -5,  in  the  third  part  of  the  TO  number,  identifies  that  this  TO  covers 
specific  information.    Unlike  TO  OO-20-1,  which  covers  general  information 
applicable  to  all  AFTO  Forms,  the  00-20-5  covers  specific  information  on 
specific  forms. 

Look  through  the  Table  of  Contents,  (pages  ii,  thru  iii)  and  you  will 
find  this  TO  covers  the  entire  AFTO  Form  781  series;  (there  are  approximately 
8  different  781' s).    AFTO  Forms  100,  100A;  and  AFTO  Forms  98,  88,  44,  and 
34.     (Don't  worry,  you  will  not  be  responsible  to  remember  all  of  these 
AFTO  Forms.     Just  know  what  TO  covers  them).    You  may  also  notice  this  "  ") 
does  not  cover  the  AFTO  Forms  349/350. 

Briefly  review  the  Table  of  Contents  before  you  proceed  to  the  review 
questions  for  this  frame. 
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Review 


TO  00-20-1  "Preventive  Maintenance  Program  General  Requirements  and  Procedures1' 

This  TO  pertains  to  the  methods  and  procedures  for  the  MDC  systems.     It  is 
general  information  and  applies  to  ALL  AFTO  Forms. 

TO  00-20-2-2,  "On-Equipment  Maintenance  Documentation  for  Aircraft ;  Air- 
Launched  Missiles;  Ground-Launched  Missiles,  Except  ICBMs; 
Drones;  and  Related  Training  Equipment" 

This  TO  pertains  to  Aircraft  Maintenance  Documentation  for  AFTO  Forms  349  and 
350. 

TO  00-20-2-10,  "Of f -Equipment  Maintenance  Documentation  for  Shop  Work, 

Conventional  Munitions  and  Precision  Measurement  Equipment." 

This  TO  pertains  to  Maintenance  Documentation  for  Shop  work,  when  the  equipment 
(system  or  component)  was  removed  from  the  aircraft,  and  is  for  AFTO  Forms 
349/350. 

TO  00-20-5    "Aircraft.  Drone  and  Air-Launched  Missile  Inspections,  Flight 
Reports  and  Supporting  Maintenance  Documents ." 

-This  TO  pertains  to  specific  information  on  specific  AFTO  Forms. 
If  you  have  any  questions  on  any  of  this  information  ask  now! 


We  have  two  more  TOs  to  learn.    They  are  TOs:     00-20-2  (in  H0301)  Maintenance 

Data  Collection  System. 

IF-111A-06  Work  Unit  Code  manual 
for  an  F-111A  Aircraft 

The  reason  these  two  TOs  have  been  separated  from  the  others  is  because  they  are 
used  to  find  the  codes  that  are  used  on  AFTO  Forms > 
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The  TO  00-20-2  "MDC  fystem",  is  used  to  find  the  codes  that  are  entered 
on  AFTO  Forms  349/350. 

One  of  the  code6  we  will  find  in  this  TO  is  Standard  Reporting  Designator 
(SRD)  codes.    An  older  AFTO  Fonri  349-350  the  SRD  is  called  EQ/CL  (Equipment 
Classification  Codes).    Whether  it  is  SRD  or  EQ/CL  the  same  code  is  used. 
They  are  different  terms  that  mean  the  same  thing. 

SED  codes  are  used  to  identify  aircraft  and  support  equipment  and 
related  equivalent  by  type  or  category. 

All  the  codes  in  this  TO  are  identified  by  aircraft  type  in  alphabetical/ 
numerical  order.     (Example:     Attack,  Bomber,  Cargo,  Figher,  etc.)     In  order 
to  find  the  SRD/EQ/CL  code  simply  look  up  the  type,  model  and  series  of 
aircraft  or  aircraft  equipment  you  are  working  on. 
(Example:    An  F-111A;  Type  'F'-Fighter;  Model  Lll;  Series  A.) 

If  we  look  up  the  SRD-EQ/CL  Code  for  an  F111A,  we  will  find  the  code  is  AFV. 
The  'A1  identifies  a  General  type  of  equipment  such  as  'A1  for  aircraft.  If 
the  first  character  is  an  'X',  it  identifies  engines. 

The  FV  of  the  SRD-EQ/CL  Code  identifies  specific  equipment  0-lliA).     If  we 
were  to  remove  the  engines  from  an  F111A,  our  SRD-EQ/CL  code  would  he  XFV. 
If  we  removed  the  Air  Launched  Missiles  and  Guided  Missiles  from  the  FillA  our 
SRD-EQ/CL  Code  would  be  NFV. 

Some  bases  have  more  than  one  kind  of  aircraft  assigned.    The  reason  for 
using  SRD-EQ/CL  Codes  is  because  some  equipment  for  certain  aircraft  may  look 
identical,  but  not  be  interchangeable.    So  these  codes  will  assist  us  and 
others  in  identifying  that  the  equipment  is  for  a  specific  aircraft. 

These  codes  are  also  used  in  computer  programs  to  facilitate  data  pro- 
cessing of  specifi  equipment  for  use  in  automated  management  information  systems 
and  to  assist  interchange  of  data  between  the  supply  and  maintenance  system. 

The  authorized  abbreviation  for  SRD,  and  EQ/CL  codes  is  SRD. 

Another  code  the  00-20-2  TO  give*  us  is  the  Category  of  Labor  Codes. 
These  C itegory  of  Labor  Codes  are  to  be  used  for  differentiating  the  various 
types  of  maintenance  resources  used  to  support  the  USAF  -quipment  maintenance 
program.    These  codes  are  mandatory  for  all  units  under  the  MDC  System. 
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TO  IF-111A-06,  "AIRCRAFT  MAINTENANCE  WORK  UNIT  CODE  MANUAL  USAF  SERIES  F-111A, 
D,  E  AND  F  AIRCRAFT." 


{looking  at  the  Title  Page  of  the  IF-111A-06  we  will  find  the  TO  number 
in  the  upper  right  corner,  and  on  the  top  center  of  each  page  hereafter.    In  the 
center  top  half  we  will  find  the  complete  TO  tit!  .     The  title  includes  all 
letters  and  numbers.    You  see  this  TO  covers  the  :;-lll  series  A,  D,  E,  and  F. 
It  will  not  work  for  series  B,  C  of  the  F-lli  aircraft.     Below  the  title  we 
will  find  the  distribution  statement,  and  belov  this,  we  find  this  TO  was 
published  under  authority  of  the  Secretary  of  the  Air  Force.     Then  to  the  right 
bottom  corner  we  will  find  the  basic  date  and  change  number  along  with  the 
change  date. 

Behind  the  Title  Page,  we  have  an  'A'  page.    First  we  have  the  TO  number, 
and  the  title  of  this  page  "List  of  Effective  Pages* "    Beneath  this  is  what 
to  do  in  ca^e  of  ^change  to  £he  TO.    Then  we  find  how  we  can  identify  what  the 
most  recent  change  has  affected.    Now  we  have  a  NOTE:    That  the  other  TO  did 
not  have.    It  says  "only  pages  listed  on  tie  'A1  page  are  valid."    Next  we  find 
;the  dates  of  issue  for  the  original 9  and  changed  pages  along  with  page  numbers, 
and  change  numbers  that  should  be  found  for  that  page.    The  list  of  Effective 
^ pages  covers  pages  A,  B,  C,  and  D.    The  total    number  of  pages  in  this  manual 
^is  256, 

On  Page  1-001  begins  the  Table  of  Contents.    See  the  black  vertical 
'lines  in  the  outer  margin  of  this  page?    Remember  what  this  means?    If  not, 
'go  back  and  read  the  first  note  on  the  top  or  page  'A'.    Never  try  to 

"memorize"  information  that  is  found  in  a  TO.    They  are  almost  constantly 
'being  changed.    If  you  feel  that  you  have  "mastered"  the  information  always 

double  check  before  you  do  what  is  required,  and  remember  "a  TO  is  a  military 

order." 

Beneath  the  Table  of  Contents  page  we  find  the  preface.    This  is  where 
they  introduce  the  various  codes,  abbreviations  and  symbols  you  will  find  inside 
the  TO. 

Next  we  see  there  are  two  groups  of  Type  Maintenance  Codes.    One  is 
fdr  aircraft,  the  other  is  for  engines.    Always  be  sure  you  are  in  the  right 
group  for  the  type  of  maintenance  you  are  performing.     (Read  paragraph  2c 
cm  page  11*002.) 

Getting  back  to  the  Table  of  Contents,  we  find  A:cion  taken  codes  listed 
on  pa$e  V-001.    The  description  of  Action  taken  codes  Is  on  page  11-002,  para- 
graph 2D.    Read  this  paragraph,  then  return  to  the  Table  of  Contents  and  this 
PT. 
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After  Actioi   J*ken  Codes  we  find  When  Discovered  codes.    Read  paragraph  2D 
on  Page  11-002  in  the  TO. 

Now  things  begin  to  get  a  little  tricky.    Pay  very  close  attention  to 
this  paragraph. 

There  are  two  groups  of  How  Malfunction  Codes.    The  first  one  is  an 
Alphabetical  listing,  where  all  the  code  definitions  are  listed  under  the  first 
letter  of  the  malfunction.    Turn  to  Page  VII-001  to  see  what  we  are  talking 
about.     Then  return  to  the  Table  of  Contents.     The  second  group  of  How  Malfunction 
Codes  is  a  numerical  listing  where  all  the  codes  are  listed  according  to  the 
number  of  the  code.     (smallest  number  first)    Turn  to  Page  XI-001,  then  return 
to  the  Table  of  Contents. 

These  How  Malfunction  codes  are  further  broken  down  into  categories: 

Avionics/Electrical /Computer 

Physical/Mechanical 

No  Defect 

Engine  Related/Reason  For  Removal 

This  category  of  How  Malfunction  Codes  is  broken  into  sub-categories: 

Observed  or  Recorded  Operational  Conditions 

Identified  Components 

Condition  Monitoring 

Chance  Occurances 

Managerial  Decisions 

Nor  Defect 

The  majority  of  these  codes  you  will  use  will  be  takan  from  the  Physical/ 
Mechanical  category. 

After  the  How  M^         tioned  Coc*es  Numerical  Listing  is  Aircraft  Support 
General  Codes.    All  '  General  Codes  will  begin  with  a  zero  (example: 

01000,  02CJ0,  03000  *000).    Theje  codes  are  used  like  Work  Unit  Codes/' 

only  work  unit  codes  will  begin  with  a  one  or  higher  number  (Example:  11000, 
11ADP,  23GAE,  47ADB  and  etc.) 

Support  General  Cedes  are  used  to  identify  a  group  of  components  that 
make  up  a  f  sk.    Example:     If  we  were  given  the  job  of  washing  an  aircraft,  we 
would  have  to  document  all  of  the  components  on  the  aircraft  that  ve  washed, 
which  would  include  almost  every  work  unit  code  in  this  manual,  or  we  could 
use  the  support  general  code  that  identifies  "washing11  which  would  include 
everything  on  the  aircraft  that  was  washed. 

We  could  say  Support  General  Codes  are  verbs,  they  show  action  taken 
against  something,     Since  you  can't  see  or  touch  "washing11,  it  is  something 
you  do. 
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To  find  the  Support  General  Code  for  "washing"  use  the  Table  of  Contents. 

The  first  group  of  Support  General  Codes,  (page  1-002)  says  "except  030C0 
and  04000".    Then  we  notice  that  the  next  two  groups  are  for  U3000  and  04000. 
They  have  their  own  pages  (03-001  and  04-001).    Before  we  go  any  further,  le.s 
go  to  these  two  Support  General  Codes  and  find  out  why  they  are  listed  separately. 

Turning  to  Page  03-001  first,  notice  what  is  above  Support  General  Code  03100. 
It  says  "Look"  Phase  of  Scheduled  Inspections.    This  is  a  list  of  all  the  Scheduled 
Inspections  we  will  perform  on  a  Fill  aircraft. 

On  Page  04-001  we  have  a  list  of  SPECIAL  INSPECTIONS.    These  are  inspections 
we  will  perforin  on  Fill  aircraft  that  are  Unscheduled  Inspections,  or  Special. 
There  are  four  pages  of  special  inspections.    Due  to  the  tact  that  "washing" 
ds  not  an  inspection  of  any  kind,  the  Support  General  Code  we  are  looking  for 
must  be  in  the  first  group  where  it  says  "except  03000,  and  04000." 

Remember  03000  Codes  identify  "Scheduled  Inspections,  while  04000  codes 
■indentifies  "Special  Inspections." 

Now  turning  to  Page  01-001,  we  find  the  Code  C1000.    This  code  identifies 
Ground  Handling,  Servicing  and  Related  tasks.    Reading  through  the  description 
of  01000,  we  cannot  find  anything  that  is  related  to  "washing".    Turning  to 
Page  01-003  we  find  02000,  and  it  identifies  Aircraft  Cleaning,  which  includes 
'■washing".     So  the  Support  General  Code  for  washing  is  02000. 

Support  General  Codes  are  verbs.    They  show  action. 

Work  Unit  Codes  (any  five  diget  code  that  begins  with  a  1  or  higher 
number)  is  a  noun.    These  are  things  that  we  can  see  and  touch,  so  turn  to 
Page  11-001  and  lets  look  at  one  of  these  codes.     11000-Air frame  Fuselage. 

Work  Unit  Codes  are  listed  in  an  outline  format.  11000  is  a  work  unit 
code  that  identifies  the  airframe  of  the  aircraft.  Notice  how  all  the  codes 
on  Page  11-001  begin  with  the  same  number  as  the  page  number. 

Beneath  the  description  of  11000  we  will  find  the  Airframe  Fuselage  is 
broken  down  into  sections.     In  this  case  it  is  the  Nose  section.     Now  notice 
what  happened  to  our  work  unit  codes.    We  still  have  11  but  the  000  changed  to 
1AA.    The  11  still  identifies  the  Airframe  Fuselage,  but  the  AA  now  identifies 
'One  section  of  it.     In  this  case  the  AA  identifies  the  Nose  Section.    Go  down 
i the  list  of  Work  Unit  Codes  changes  from  AA.    What  does  it  mean  when  the  code 
changes  from  AA  to  AB?    Here  AB  identifies  the  Nose  Section  Doors/Covers. 
*Wh«n  the  code  changes  from  AB  to  AC  we  changed  to  another  section  of  the  airframe. 
In  this  case  it  is  the  Center  Section.    Looking  to  Code  11ACD  we  have  the  skin  (d), 
'tor  the  Center  Section  AC,  for  the  airframe  (ll).    The  only  letter  that  changes 
is  the  last  letter.     This  identifies  a  component  for  the  sub* section,  for  the  main 
section. 
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Lets  look  at  Page  41-001.    You  all  should  be  familiar  with  this  system. 
Look  at  Code  41  ABA.    The  last  A  identifies  the  Exchanger,  Heat,  Air-to-air, 
(for  Fill  series  A/E)  lor  the  Refrigeration  Package  B  for  the  Air/Conditioning 
System  41A. 

If  you  are  having  problems  understanding  these  codes,  ask  your  instructo 
for  help. 

If  you  have  any  questions  about  any  of  these  TOs,  ask  your  instructor  for 
help. 


Review  on  TO's  00-20-1  and  IF-111A-06 

The  00-20-1  TO,  gives  us  information  in  codes  that  goes  on  the  AFTO  forms 
349/350.    The  codes  that  are  found  in  this  TO  are  "Standard  Reporting 
Designators11,  and  "Category  of  Labor". 

The  IF-111A-06  TO,  gives  us  information,  in  ~odes,  that  goes  on  the  AFTO 
Forms  349/350/781A  (as  required).    The  codes  that  are  found  in  this  TO  ace: 

Type  of  Maintenance 
Action  taken 
When  Discovered 
How  Malfunction 
Aircraft  Support  General 
and  Work  Unit  Codes 

Up  to  this  point  you  have  learned  how  to  use  six  TOs.    They  are: 

00-20-1       Preventive  Maintenance  Program 

General  Requirements  and  Procedures 

00-20-2       Maintenance  Data  Collection 

00-20-2-2    On-Equipment  Maintenance  Documentation  for  Aircraft; 

Air-Launched  Missiles;  Ground-Launched  Missiles,  Except 
ICBMs;  Drones;  and  Related  Training  Equipment. 

00-20-2-10  Off-Ecuipment  Maintenance  Documentation  for  Shop  Work, 

Conventional  Munitions  and  Precision  Measurement  Equipment 

00-20-5       Aircraft,  Drone,  and  Air-Launchsd  Missile  Inspections,  Flight 
Reports,  and  Supporting  Maintenance  Documents 

IF-111A-06  Aircraft  Maintenance  Work  Unit  Code  Manual  USA*  Series 
F-111A,  0,  E  and  F  Aircraft. 

If  you  have  any  questions  concerning  the  use  of  these  TOs,  ask  your  instructor 
fore  continuing. 
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There  are  many  reasons  for  the  use  of  the  MDC  System.    They  are  to  name 
a  few: 

1.  Production  information  about  the  type  of  work  accomplished,  the  work 
center  that  did  the  work,  and  the  equipment  on  which  the  work  was 
accomplished. 

2.  Equipment  maintenance  schedules  and  inventory  information  for  main- 
tenance actions  that  are  required  on  a  calendar  basis. 

3.  Equipment  failures  and  discrepancy  information. 

4.  In  addition  to  the  above,  base  maintenance  managers  and  supervisors 
may  obtain  information  concerning  the  cost  of  maintenance. 

(a)  The  cost  of  civilian  and  military  manhours. 

(b)  The  cost  to  maintain  aircraft,  for  both  on  and  off-equipment 
maintenance . 

(c)  Reimbursement  action  for  transit  maintenance  services. 

Because  of  the  many  uses  it  is  important  that  the  data  in  the  MDC  System 
be  accurate.    The  effect  of  data  errors  varies  for  different  information 
us^s.    For  instance,  some  margin  of  error  can  be  tolerated  when  determining 
inspection  intervals.    However,  computing  the  service  life  of  high  cost, 
low  inventory  items  require  100%  accuracy. 

The  information  provided  through  the  MDC  System  is  used  in  the  management 
decision  making  process  which  results  in  many  tangible  benfits  to  Air  Force 
logistics,  especially  maintenance.    These  benefits  are  not  always  apparent  to 
the  individual  involved  in  the  documentation  of  data;  however,  a  large  portion 
of  the  cost  of  the  MDC  System  is  returned  through  better  management  decisions 
that  can  be  made  with  informative  facts. 
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Figure  3.    AFTO  Form  349. 

The  AFTO  Form  349  (Figure  3)  is  the  Maintenance  Data  Collection  Record 
This  is  a  universal  form.    It  is  used  to  collect  information  on  man  hours, 
serially  controller  items,  time  change\  items,  type  of  maintenance  performed, 
who  performed  the  maintenance;  by  work  center,  and  employee  number.     It  is  also 
used  as  a  «   spatch  from  when  certain  blocks  have  been  completed. 

Do  you  remember  what  TOs  are  used  to  complete  this  form?    Do  you  remember 
what  TOs  are  used  to  find  the  codes  that  are  recorded  on  this  form? 
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In  Figure  4  you  will  find  a  copy  of  the  AF10  Form  350.    This  is  a 
Reparable  Item  Processing  Tag,  and  is  a  two  part  form, 


Part  I  of  the  AFTO  Form  350  will  always  be  left  attached  to  the  item 
that  is  determined  to  be  reparable  and  is  being  forwarded  to  other  activities  for 
repair,  and  is  used  for  shop  processing.    Part  II  serves  as  a  production  control 
document,  and  is  used  to  control  the  reparable  item  during  shop  processing. 
The  Part  II  of  this  form  will  be  retained  by  the  Production  Scheduler. 
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The  Maintenance  Discrepancy  and  Work  Document  is  where  the  actual  discrepancy 
begins  ,  AFTO  Form  781A  (Figure  5).    This  form  records  ail  maintenance  that 
is  performed  on  the  Aircraft,  that  is  discovered  by  the  pilot  and  maintenance 
personnel.    This  form  will  always  be  kept  at,  or  near  the  aircraft,  each  aircraft 
will  have  its  own  separate  group  of  AFTO  781  series  forms. 
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MAINTENANCE  SYSTEM 

OBJECTIVE 

State  general  principles  of  the  maintenance  system  by  answering  a 
minimum  of  8  of  10  questions  correctly. 

INTRODUCTION 

A  good  Air  Force  does  not  just  happen  by  accident.    It  is  the  result  of 
a  lot  of  people  working  together  for  a  common  goal.    In  this  programmed 
text,  we  will  discuss  some  of  these  people  and  what  their  jobs  are  about. 
The  people  we  are  most  concerned  about,  because  we  are  mechanics,  are  those 
who  work  in  the  areas  of  maintenance.    The  two  main  goals  in  the  areas  of 
maintenance  should  be  as  follows: 

•  Keep  Air  Force  equipment  serviceable. 

•  Keep  It  safe  to  use. 

Now,  let  us  begin  our  adventure  into  the  "MAINTENANCE  SYSTEM." 


The  Maintenance  System  is  broken  down  into  four  areas.    They  are  as 
follows: 

Levels  of  Maintenance 

Maintenance  Squadrons 

Types  of  Maintenance 

Maintenance  Symbols  and  Their  Use 

We  will  oegin  our  studies  with  the  Levels  of  Maintenance. 
INFORMATION 

LEVELS  OF  MAINTENANCE 

Organizational  Maintenance 

Organizational  Maintenance  is  limited  in  scope.    This  level  of  maintenance 
includes  routine  inspections,  replacement  of  some  components,  minor  structural 
repairs,  and  servicing  with  fuel,  oil,  etc.    Organizational  Maintenance  may 
also  do  technical  order  modification  that  can  be  done  with  the  facilities  that 
are  at  the  organizational  level. 

It  is  of  the  utmost  Importance  that  technician*  at  the  organizational 
Vvel  discover  any  of  the  indications  of  equipment  failure  soon  enough  to 
• • vent  a  major  component  failure.    Failure  to  discover  these  indications 

•  result  in  an  increase  in  the  workload  of  the  other  levels  of  maintenance. 
j  •  result  in  a  disruption  of  the  maintenance  schedules,  not  to  mention 
.:ht  failure  with  the  possibility  of  a  loss  of  life  and/or  equipment. 
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Intermediate  Maintenance 


Closely  supporting  the  organizational  level  of  maintenance  is  the 
intermediate  Level  of  Maintenance.    Personnel  in  the  Field  Maintenance 
activity,  usually  a  field  maintenance  squadron  (FMS),  performs  maintenance 
at  the  intermediate  level.    The  FMS  usually  has  a  high  concentration  of 
skilled  specialists  and  has  the  most  costly  equipment  in  the  maintenance 
organization.    You  will  find  such  shops  as  engines,  fuel  systems, 
electrical,  pneudraulics,  and  environmental  systems,  just  to  name  a  few, 
at  this  level.    The  actual  number  will  depend  on  the  size  of  the  organization 
and  the  mission,  in  other  words — NEED!    If  the  DCM  decides  that  there  is  a 
need  for  a  shop,  then  the  organization  will  make  the  necessary  provisions 
for  it. 

The  support  that  is  provided  by  this  level  of  maintenance  consists  of 
furnishing  specialist  assistance  at  organizational  line  maintenance,  doing 
bench  checks  of  equipment,  and  maintenance  repair  that  is  beyond  the  capacity 
of  the  organizational  unit.    When  the  capabilities  of  the  maintenance  activity 
at  the  intermediate  level  are  exceeded,  the  problem  becomes  a  matter  for  depot 
level  maintenance. 


Depot  Maintenance 


This  is  the  highest  level  of  maintenance  and  requires  extensive  equipment 
to  do  major  repair  and  overhaul.    The  chief  function  of  the  depot  is  the 
performance  of  MAJOR  modifications  on  the  aircraft  and  all  of  the  aircraft 
components.    All  systems  are  "inspected  and  repaired  as  necessary. 11    Depot 3 
also  supply  the  spare  parts  for  Aerospace  Ground  Equipment  (AGE),  as  well 
as  Technical  Order  Compliance  Kits  (TOC)  to  the  Organizational  and  Field 
Maintenance  units  through  the  normal  supply  channels. 

Depot  Maintenance  is  usually  done  at  specifically  designated  bases  in 
the  United  States  and  in  some  overseas  areas. 


MAINTENANCE  SQUADRONS 
AFR  66-1 

Now  let  us  take  a  look  at  the  units  that  do  the  actual  maintenance  on 
the  flightline.    These  consist  of  the  following,  for  AFR  66-1: 

•  Organizational  Maintenance  Squadron  (OMS) 

•  Field  Maintenance  Squadron  (FMS) 

•  Munitions  Squadron  (MS) 

•  Avionics  Maintenance  Squadron  (AMS) 
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Organizational  Maintenance  Squadron  (OMS) 

The  OMS  has  physical  charge  of  the  assigned  aircraft.    Each  aircraft  is, 
in  turn,  assigned  to  an  individual  who  is  called  a  "Crew  Chief."    They  are 
in  charge  of  the  aircraft,  the  aircraft  forms,  as  well  as  any  of  the 
maintenance  personnel  assigned  to  work  on  the  aircraft.    Actually,  we  could 
say  that  the  whole  maintenance  complex  is  organized  to  support  the  OMS. 

The  OMS  itself  may  be  further  divided  into  the  following  sections  or 
branches : 

•  Alert  Force 

•  Base  Flight  and  Transient 

•  Flightline 

•  Inspections 

•  Support  equipment 


Field  Maintenance  Squadron  (FMS) 

The  FMS  provides  maintenance  and  the  assistance  of  specialists  to  the 
other  maintenance  functions.    FMS  does  intermediate  level  maintenance  within 
the  capability  of  the  essigned  specialties,  their  equipment,  and  their 
facilities.    FMS  may  a\so  be  authorized  to  do  so  by  the  DCM. 

FMS  is  usually  the  largest  squadron  in  the  maintenance  organization. 
It  also  uses  the  most  man-hours.    Therefore,  the  way  the  people  and  the 
equipment  are  used  by  FMS  will  have  a  great  effect  on  the  maintenance 
capability  of  the  wing. 

FMS  usually  consists  of  the  following  branches: 

•  Fabrication 

•  Propulsion  (Jet  Engine  Maintenance  Shop) 

•  Aerospace  Systems  (Environmental,  Pneudraulics,  Electrical,  etc) 

•  Aerospace  Ground  Equipment  (AGE) 
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TYPES  OF  MAINTENANCE 


There  are  two  basic  types  of  maintenance  performed  in  the  various 
squadrons.    They  are 

Unscheduled  maintenance,  which  may  be  done  in  the  form  of  an  inspection, 
or  maintenance  that  is  performed  in  between  scheduled  inspections.  These 
types  of  maintenance  are  things  that  happen  that  cannot  be  planned  into  the 
maintenance  schedule.    These  types  of  maintenance  usually  have  a  higher 
priority  (job  importance)  than  the  next  type  of  maintenance,  which  is 
scheduled  maintenance. 

Scheduled  maintenance  usually  is  done  in  the  form  of  an  inspection 
which  will  be  covered  in  depth  in  a  later  lesson.    This  type  of  maintenance 
is  planned  into  the  days,  months  work  schedule. 


MAINTENANCE  SYMBOLS  AND  THEIR  USE 

The  symbols  we  will  discuss  in  this  section  are  used  on  some  maintenance 
forms  to  make  important  notations  instantly  apparent.    These  serve  two 
purposes: 

•  To  identify  the  condition  of  the  equipment, 

•  To  form  the  basis  of  a  standard  system  for  telling  at  a  glance  the 
seriousness  of  the  discrepancy  noted  next  to  the  symbol. 

The  symbols,  in  order  of  seriousness,  are 

•  Red  X 


•       Circled  Red  X 


•       Red  Dash 


•       Red  Diagonal, 

All  symbols  WILL  BE  ENTERED  IN  RED  PENCIL. 

Study  figure  6,  located  on  next  page  of  this  SG,  as  we  discuss  these 
maintenance  symbols. 


Red  X 


The  red  X  indicates  that  the  equipment  unit  is  considered  unsafe  or 
unfit  for  use,  and  the  equipment  will  not  be  used  or  flown  until  the 
unsatisfactory  condition  is  corrected.    NO  ONE  can  authorize  an  aircraft 
to  be  flown  or  the  equipment  to  be  used  until  the  unsatisfactory  condition 
is  corrected. 
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Figure  7.    (Zumpl*)  Mrt^^^** ^Discrepancy  and  Work  Document. 


The  red  X  symbol  will  be  entered  in  the  appropriate  location  of  the 
pplicable  maintenance  form  IMMEDIATELY  upon  discovery  of  the  condition. 


Notes: 


tThe  repairs  made  or  work  done  to  correct  the  condition  of  the  equipment 
WILL  be  inspected  only  by  maintenance  personnel  who  are  delegated  such 
authority  to  clear  the  red  X  symbol  as  directed  by  the  DCM. 

Circled  Red  X 

A  red  X  inside  a  red  circle  will  be  used  to  show  that  the  equipment  is 
grounded  or  restricted  from  peacetime  operation,  pending  compliance  with  an 
Urgent  Action  Time  Compliance  Technical  Order  (TCTO).  The  only  time  that  a 
circled  red  X  symbol  will  be  used  is  when  the  urgent  Action  TCTO  has  expired. 

The  same  rules  apply  for  clearing  the  circled  red  X  as  for  the  red  X. 


Red  Dash 


»l-o  ^  „  It  t       !h°WS  that  *  rc,*uired  inspection  is  due.    The  red  dash  can 
also  show  that  an  inspection  is  overdue  and  time  will  not  let  you  do  the 
inspection  before  flight.    This  symbol  show,  that  the  condition  of  the 
equipment  is  UNKNOWN  and  that  a  moreTserious  condition  MAY  exist?  This 
condition  will  be  corrected  as  soon  as  poaeibla  by  doing  the  required 
inspection  and  completing  the  necessary  maintenance. 
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Red  Diagonal 

The  diagonal  shows  that  an  unsatisfaC  ry  condition  DOES  exist  on  an 
aircraft  or  piece  of  equipment  but  is  not       urgent  or  dangerous  to  warrant 
the  grounding  of  the  aircraft  or  the  equii*ment.    The  red  diagonal  will  be 
a  straight  line  from  the  lower  left  to  the  upper  right  of  the  symbol  block. 

Clearing  Red  Symbol  Entries  (Figure  7), 

The  last-name  initial  in  BLACK  entered  over  the  symbol  in  the  symbol 
block  shows  that  the  person  whose  name  is  in  the  signature  block  related  to 
that  discrepancy  has  done  the  required  work,  or  inspected  the  equipment,  and 
has  found  that  all  things  are  satisfactory  and  is  assuming  the  responsibility 
that  it  is  OK  to  fly  or  use  the  equipment. 

Changing  Red  Symbol  Entries 

Once  a  Red  symbol  has  been  placed  on  a  maintenance  form,  the  symbol  will 
NEVER  BE  ERASED,  even  if  entered  in  error!    Entry  of  a  red  X,  circled  red  X, 
red  diagonal,  or  red  dash  on  any  maintenance  form  shows  the  individual's 
opinion  as  to  the  seriousness  of  the  defect.    Therefore,  NO  INDIVIDUAL  is  to 
be  directed  to  change  a  symbol  which  they  have  entered. 

If  an  individual  of  higher  authority  within  thw  maintenance  or  repair 
activity  believes  that  the  condition  is  more  serious  than  shown  by  the  symbol, 
THEY  WILL  change  the  symbol  themselves.    They  will  do  this  by  drawing  a  line 
through  the  name  of  the  individual  who  made  the  entry  and  enter  their  signature 
and  grade  in  parentheses  above  or  beside  the  signature  block.    See  figure  2. 

If  supervisory  personnel  think  that  the  condition  is  less  serious  than 
shown  by  the  symbol,  this  will  be  brought  to  the  attention  of  the  DCM, 
equivalent  contractor  representative,  maintenance  9-level  noncommissioned 
officer,  civilian  equivalent  that  has  been  authorised  by  the  DCM  to  downgrade 
tht  symbol.    Individuals  who  make  the  decision  will  indicate  their  action  by 
a  notation  in  the  CORRECTIVE  ACTION  block  for  the  defect  and  will  read  as 
follows:    "Symbol  downgraded  frcui  Red  X  (or  Circled  Red  X)  to  a  Red  Diagonal 
(or  Red  Dash,  whichever  is  applicable).    Discrepancy  reentered  on  page  number 

_____ _  item  number  ."    When  a  symbol  is  cleared  in  this  manner,  no  one 

need  sign  the  INSPECTED  BT  block.    The  same  discrepancy,  the  new  symbol,  and 
the  PRINTED  first  initial,  last  name  and  grade  of  the  person  who  found  the 
discrepancy  will  be  reentered  in  the  applicable  block  and  will  be  followed 
by  an  entry  to  read  "Symbol  changed  from  Red  X  (or  Circled  Red  X)  to  a  Red 
Diagonal  (or  Red  Dash),  date,  employee's  name,  grade,  and  organization." 
This  entry  will  remain  with  tne  discrepancy  until  it  is  corrected. 

Notes : 
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INSPECTION  SYSTEMS 


OBJECTIVE 


State  the  general  principles  of  the  inspection  system  by  answering  a 
minimum  of  8  of  10  questions  correctly. 

INTRODUCTION 

Well,  soon  you  will  be  leaving  Chanute  AFB,  Illinois,  and  going  PCS  to 
another  base,  probably  in  another  state.    If  you  plan  on  driving  your  car, 
you  probably  will  not  begi    your  trip  without  first  preparing  your  car. 
This  preparation  is  like  an  inspection  that  is  performed  on  an  aircraft. 
The  only  difference  is,  if  you  forget  tc  check  something  on  your  car,  before 
you  leave,  and  the  component  stops  functioning  properly,  you  can  pull  over 
to  get  it  repaired;  but  what  does  the  pilot  do  if  a  system  or  component 
fails? 

Inspections  on  aircraft  are  never  ending,  and  none  are  more  or  less 
Important  than  the  other. 

Note:    Remove  all  figures  located  in  the  back  of  this  SG  at  this  time. 
Scheduled  Maintenance  Inspection 

Scheduled  maintenance  inspections  required  for  Air  Force  equipment  are 
prescribed  in  the  applicable  -6  scheduled  inspection  and  maintenance 
requirements  manuals  f*nd  inspection  workcards  (VC)  ot  checklists  (CL). 

The  scheduled  maintenance  inspection  intervals  for  aircraft  or  support 
systems,  equipment  end  items  and  components  are  specified  in  the  applicable 
-6  scheduled  inspection  and  maintenance  manuals  and  -6WC  inspection 
workcards.    All  requirements  pertaining  to  inspections  will  normally  be 
accomplished  in  numerical  order  to  avoid  complications  in  controlling  and 
scheduling  the  rerulred  maintenance.    The  time  Intervals  specified  for 
scheduled  maintenance  Inspections  such  as  calendar,  and  flying  hours 
represent  the  maximum  interval  between  accomplishment  of  such 
requirements. 

Work  Cards  and  Sequence  Charts 

Lets  find  out  what  "tools"  (Inspection  Control  Documents)  are  used 
during  the  performance  of  an  inspection  used  by  you  and/or  your  supervisor. 
(These  tools  are  located  in  TO  00-20-1.) 

The  planned  inspection  and  maintenance  concept  provides  a  means  of 
performing  required  inspections  and  repairs  on  a  scheduled  and  planned 
basis.    This  planning  and  »cheduling  is  required  for  phased,  periodic  and 
Isochronal,  (iso,  means  equal  amounts;  chronal  is  time,  usually  expressed 
in  days  or  months)  inspections,  and  major  maintenance  on  aircraft  or  support 
equipment  to  effectively  use  the  people  assigned  to  your  section.  '  A  degree 
of  planning  and  scheduling  is  also  provided  for  by  the  use  of  inspection 
workcards  and  sequence  charts. 


The  inspection  work  cards,  figure  8,  outline  the  minimum  inspection 
requirements.    They  are  used  as  a  guide,  and  tell  you  what  to  inspect,  and 
what  to  inspect  it  for.    The  inspection  workcards  will  be  a  very  important 
tool  that  you  will  use  in  order  to  complete  an  inspection  properly,  and 
effectively  in  a  minimum  amount  of  time.    They  are  published  under  the 
authority  of  the  Secretary  of  the  Air  Force,  and  each  -6  inspection 
requirement  TO,  and  -6WC  inspection  requirement  inspection  has  its  own  set  of 
workcards,  with  a  separate  TO  number  assigned  for  each  set  (-6,  and  -6WC  ■ 
1  set). 

The  sequence  chart,  figure  9,  is  used  by  your  supervisor  in  order  to 
control  the  inspection.    The  sequence  chart  is  used  as  a  guide  in  preparing 
the  actual  work  schedules.    They  also  serve  as  a  means  of  controlling  the 
assignment  of  work  during  the  inspection,  and  are  a  ready  reference  for 
determining  the  progress  of  the  inspection.    To  aid  the  supervisor  in  making 
work  assignments,  the  inspection  workcard  numbers  may  be  plotted  on  the 
sequence  chart  to  provide  the  desired  work  schedule  or  sequence  in  which  all 
predictable  or  routine  maintenance  can  be  most  effectively  accomplished.  The 
use  of  the  workcards  and  sequence  charts,  will  permit  the  work  of  each 
individual  to  be  planned  for  uninterrupted  job  completion.    This  will  assure 
the  planned  use  of  personnel,  early  detection  cf  discrepancies,  and  more 
accurate  planning  for  the  accomplishment  of  the  required  repair  work. 

Inspection  Methods 

Inspections  on  aircraft,  or  support  equipment,  will  normally  be 
accomplished  under  a  "specialists"  maintenance  concept,  which  means  each 
system  specialist  will  perform  their  portion  of  the  inspection.    This  will 
consist  of  an  inplace  method  of  inspection,  or  the  dock  method  of  inspection. 
The  inspection  crews  will  be  supported  by  the  specialists  provided  on 
dispatch  forma  (AFTO  Form  349)  from  the  various  shops  as  scheduled. 

The  inplace  method  is  used  when  maintenance  and  operational 
requirements  say  that  the  inspection  and  maintenance  must  be  performed  at 
the  aircraft  location.    In  other  words,  you  go  to  the  aircraft. 

The  dock  method  is  used  when  maintenance  and  operational  requirements 
say  the  aircraft  be  moved  to  a  fixed  station  or  site  for  accomplishment. 
Required  maintenance  crews  may  be  permanently  assigned  to  such  stations  or 
sites.    Each  "inspection  dock"  will  be  equipped  with  the  necessary  tools  and 
equipment  to  accomplish  the  required  inspection  and  maintenance.    In  this 
method  of  inspection  the  aircraft  is  brought  to  you. 

Inspection  Concepts 

There  are  four  authorized  inspection  concepts  used  for  aircraft.  These 
concepts  are  periodic,  phased,  isochronal,  and  programmed  depot  maintenance. 
Each  of  the  inspections  in  these  concepts  will  be  accomplished  in  accordance 
with  the  applicable  -6  inspection  requirement  maintenance  manual,  or 
inspection  workcards. 

1.       Periodic  Concept 

(a)  Preflight  (PR) 

(b)  End  of  Runway  (EOR) 
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(c)  Thruflight  (TH) 

(d)  Basic  Postflight  (BPO) 

(e)  Hourly  Postflight  (HPO) 

(f)  Periodic  (PE) 

2.  Phased  Concept 

(a)  PR 

(b)  EOR 

(c)  TH 

(d)  BPO 

(e)  Phate  (PH) 

3.  Isochronal  Concept 

(a)  PR 

(b)  EOR 

(c)  TH 

(d)  BPO 

(e)  Hone  Station  Check  (HSC) 

(f)  Minor  (MIN) 

(g)  Major  (MAJ) 

4.  Programmed  Depot  Maintenance  (PDM) 

As  you  can  see,  the  first  four  (a-d)  Inspections  performed  under  each 
concept  are  the  same.     (PR,  EOR,  TH,  BPO)    We  will  cover  these  four  first, 
then  explain  the  HPO,  PE,  PH,  HSC,  MIN,  MAJ  and  PDM.    Get  used  to  using 
these  abbreviations;  they  will  be  used  quite  frequently  throughout  your 
AF  career. 

Prefllght  (PR) 

The  prefllght  Inspection  Is  due  prior  to  the  first  flight  of  the  flying 
period. 

Lets  say  the  flying  period  begins  at  0600  hrs.    This  Is  the  time  when 
the  pilots  will  begin  wanting  aircraft.    The  Base  Operations  Office 
(Base  Ops)  lets  maintenance  control  know  ahead  of  time  how  many  aircraft 
will  be  needed  for  the  next  day's  mission.    Maintenance  Control  will  then 
distribute  the  total  number  equally  between  the  flights  and  then  let  job 
control  distribute  the  work  to  the  various  flights.    Each  flight  will  have 
crews  for  this  called  a  "Prefllght  Crew."    These  crews  usually  come  In  to 
work  approximately  two  hours  earlier  than  when  the  flying  period  begins. 
(0400  hrs) 

The  prefllght  Inspection  Includes  visually  examining  the  aircraft  and 
operationally  checking  certain  systems  and  components  to  Insure  there  Is  no 
serious  defects  or  malfunctions. 

Major  commands  have  the  option  of  selecting  a  24,  48  or  a  72  hour 
prefllght  validity  period.    If  the  prefllght  validity  period  selected  Is 
72  hours,  and  the  aircraft  does  fly  a  mission,  the  prefllght  will  be 
accomplished  every  24  hours;  but  If  the  aircraft  does  not  fly  within  the 
hour  period,  the  prefllght  vlll  be  valid  for  48  hours.  After 
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48  hour  8  have  gone  by  and  the  aircraft  still  does  not  fly,  a  new  pre  flight 
is  due.  The  aircraft  can  sit  idle  up  to  72  hours  before  another  PR  has  to 
be  done,  regardless  if  it  will  fly  or  not. 


End  of  Runway  (EOR) 

The  EOR  is  a  final  visual  and/or  operational  check  of  designated 
aircraft  systems  and  components.  It  will  be  performed  immediately  prior  to 
take  off  at  a  designated  location,  usually  near  the  end  of  the  runway.  The 
purpose  of  the  inspection  is  to  detect  critical  defects  which  may  have 
developed  or  become  apparent  during  ground  operation  of  the  aircraft.  They 
would  check  things  like  -  tires  for  cuts;  leakage  from  fluid  systems  in  the 
cracks  of  panels  and  doors,  and  making  sure  panels  and  doors  are  closed  and 
fastened;  covers  and  pins  are  removed,  etc* 

Thruf light  Inspection  (TH) 

The  TH  inspection  is  a  between  flights  inspection  and  will  be 
accomplished  between  flights  when  an  immediate  turn  around  or  sortie 
(mission)  will  happen.    The  TH  consists  of  checking  the  aircraft  for  flight 
continuation  by  performing  visual  examinations  or  operational  checks  of 
certain  components,  areas,  or  systems  to  assure  that  no  defects  exist  which 
would  be  dangerous  to  further  flight.    This  inspection  is  the  same  as  a  pit 
stop  at  the  Indy  500.    When  a  race  car  comes  in  for  a  pit  stop,  there  are 
only  certain  things  done.    Checking  tires,  refueling,  cleaning  the 
windshield,  give  the  drive t  a  drink  and  get  back  on  the  track.    The  TH  is 
done  basically  the  same  way. 

Basic  Pes tf light  (BPO)  Inspection 

The  BPO  is  accomplished  after  the  last  flight  of  the  flying  period. 
This  inspection  consists  of  checking  the  aircraft  to  see  if  it  is  suitable 
for  another  flight  by  performing  a  visual  examination  or  operational  checks 
of  certain  components,  areas,  or  systems  to  be  sure  that  no  defects  exist 
which  would  be  dangerous  to  flight.    The  BPO  is  "a  more  thorough  check  than 
the  PRM  or  TH.    The  BPO  is  done  only  when  the  aircraft  is  released  by 
Operations.    This  gives  the  specialists  more  time  to  repair  discrepancies 
that  are  found  before  the  next  flying  period  begins. 

Periodic  (PE)  Inspection 

The  PE  is  due  upon  a  specified  number  of  flying  hours.  The  PE  is  more 
extensive  than  the  HPO  or  BPO.  This  inspection  is  a  thorough  and  searching 
inspection  of  the  entire  aircraft. 

Hourly  Postf light  (HPO)  Inspection 

The  HPO  will  be  done  upon  a  specified  number  of  flying  hours.  This 
inspection  adds  to  the  BFO  at  the  specified  inte  rvals.    This  means  that  they 
nay  both  be  done  at  ths  same  time  provided  they  are  both  due  at  the  same 
time. 
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Phased  (PH)  Inspection 


The  PH  concept  consolidates  the  BPO  and/or  HPO  and  PE  Into  small 
packages  having  approximately  the  same  work  content  and  man  hours  for 
accomplishment*    The  primary  objective  Is  to  minimise  the  length  of  time  that 
an  aircraft  Is  ou t-of -commission  for  any  given  scheduled  Inspection,  and  Is 
done  at  a  specified  number  of  flying  hours. 

Isochronal  (ISO)  Inspection  Concept 

The  ISO  Concept  translates  flying  hours  Into  calendar  periods,  usually 
expressed  In  days.    The  PH,  and  PE  are  due  after  a  specified  number  of 
"flying  hours."    The  following  Inspections,  under  this  concept  will  be  due 
after  a  specified  numbei  of  "calendar  days,"  regardless  of  how  many  "hours" 
the  aircraft  has  actually  flown. 


Home  Station  Check  (HSC)  Inspection 


The  HSC  consists  of  Inspection  requirements  arranged  and  designated 
for  accomplishment  when  the  aircraft  returns  from  a  long-range  mission  or 
upon  expiration  of  a  specified  short-term  calendar  period.    This  date  will 
be  computed  from  the  programmed  start  date  of  the  last  Inspection.    It  Is 
accomplished  along  with  MAJ  or  MIN  Inspections,  provided  they  are  all  due  at 
the  same  time. 


Minor  Inspection  (MIN) 

The  MIN  Is  due  upon  a  specified  number  of  calendar  days.    This  date 
will  be  computed  from  the  programmed  start  date  of  the  last  major 
Inspection.    The  MIN  consists  of  checking  certain  components,  areas,  or 
systems  of  the  aircraft  to  determine  If  conditions  exist  which,  If  not 
corrected,  could  resu1    in  failure  or  malfunction  of  a  component  prior  to  the 
next  scheduled  Inspection.    The  MIN  Is  accomplished  at  the  completion  of  the 
mission  during  w.  tch  the  specified  calendar  days  accrued. 


Major  (MAJ)  Inspection 


The  MAJ  Is  due  upon  accrual  of  the  number  of  calendar  days.    This  date 
Is  computed  from  the  programmed  start  date  of  the  last  MAJ  Inspection  The 
MAJ  1«  a  thorough  and  searching  Inspection  of  the  entire  aircraft,  and 
Individual  requirements  may  be  more  extensive  than  previous  Inspection 
Items.    The  Inspection  consists  primarily  of  checking  certain  components, 
areas  and  systems  of  the  aircraft,  which  due  to  their  function  requires  less 
attention  than  that  required  by  other  Inspections.    This  Inspection  Is 
accomplished  to  determine  If  a  condition  exists  which,  If  not  corrected, 
could  result  In  the  failure  of  a  component  o*.  cause  system  malfunction  prior 
to  the  next  scheduled  Inspection.    The  MAJ  Is  accomplished  at  the  completion 
of  the  mission  during  which  the  specified  calendar  day  Is  accrued. 

Programmed  Depot  Maintenance  (PDM) 


The  PDM  Is  an  Inspection  requiring  skills,  equipment  or  facilities  not 
normally  owned  by  the  operating  locations.    Individual  areas,  components  and 
systems  are  Inspected  to  a  degree  beyond  the  other  inspection  requirements. 


39 


ERIC  417 


Symbol  Used  During  an  Inspection 


The  symbol  used  on  maintenance  documents  which  identifies  that  an 
inspection  is  due  is  the  red  dash*    ALL  discrepancies  found  during  the 
inspection  will  be  entered  in  the  AFTO  Form  781A  with  the  appropriate  symbol 
for  that  particular  discrepancy,  not  the  inspection  symbol. 

AFTO  Forms 

The  AFTO  Forms  used  during  the  inspections  are  the  AFTO  Forms: 

349  to  account  for  times  spent  performing  the  inspection,  items 
repaired  or  replaced  and  defect  of  these  items. 

350  to  get  parts  repaired  that  are  found  to  be  defective. 

781 A    to  record  maintenance  performance  on  aircraft  and  to  identify  at  a 
glance  the  condition  of  the  aircraft. 

Phases  of  Inspection 

There  are  two  phases  to  each  inspection.    They  are: 

#  Look 

•  Fix 

When  an  inspection  is  due.  you  may  receive  a  349  that  is  similar  to  the 
one  shown  in  figure  10.    In  Block  26  it  will  describe  the  system  that  is  due 
the  inspection,  along  with  the  type  of  inspection  that  is  due.    It  will  have 
a  Job  Control  Number  entered  in  Block  1;  the  work  center  code  responsible  to 
complete  the  inspection  in  Block  2;  the  aircraft  t.D.  Number  entered  in 
Block  3.      The  entries  in  Blocks  7,  9,  17  and  18  are  completed  only  when  the 
349  is  to  be  used  as  a  dispatch  form.    The  priority  (Job  importance)  in 
Block  7  tells  the  dispatcher  what  priority  this  particular  Job  is.  (The 
higher  (1.  2,  3,  4)  the  number  in  Block  7  the  lower  the  priority.)  Priority 
ones  (l's)  will  always  be  completed  first;  twos,  second;  and  so  forth.  They 
will  put  the  location  of  the  aircraft  in  Block  9.    This  tells  your 
dispatcher  and/or  supervisor  what  hangar  or  flight  you  will  be  working  in. 
Block  17,  Time  Specialists  Required,  tells  you  that  you  have  an  appointment 
at  that  time  to  be  at  this  aircraft  with  TOs  and  toolbox,  and  ready  to  begin 
your  part  of  the  inspection.    If  for  some  reason  the  start  time  is  delayed, 
your  dispatcher  or  supervisor  will  make  the  necessary  arrangements  with  Job 
or  Maintenance  Control  to  get  a  new  start  time.    Whenever  an  inspection  is 
due  the  entire  aircraft  is  inspected.    The  "scheduling  specialists11  allows 
these  specialists  to  go  in,  get  the  inspection  done  and  away  without 
interferring  with  other  specialists.    The  Job  Standard  in  Block  18  is 
"estima  ted"  job  completion  time.    Experience  of  specialists  and  availability 
of  equipment  is  not  taken  under  consideration.    It  may  or  may  not  take  this 
amount  of  time.    We  have  approximately  two  hours  to  complete  only  the  look 
phase  of  this  inspection. 

The  look  phase  is  accomplished  first  in  order  to  get  the  necessary 
'^rts  to  repair  the  system.    We  never  know  what  we  will  find  wrong,  if 
n  thing.    Just  follow  the  -6WC  (inspection  requirement  workcards, 
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applicable  to  the  inspection  being  performed)  step-by-step.    The  workcards 
are  used  as  a  guide  telling  you  what  to  inspect,  and  what  to  inspect  it  for. 
(See  fig  8)    When  you  do  find  a  discrepancy,  complete  the  AFTO  Form  349  as 
required  in  figure  11.    Put  the  discrepancy  in  Block  26,  and  job  control 
number,  workcenter  and  aircraft  I.D.  uumber  in  Blocks  1,2,,  and  3.  Each 
discrepancy  gets  a  new  349.    If  you  find  18  discrepancies,  you  will  turn-in 
18-349's  to  the  crew  or  dock  chief.    Once  you  have  completed  all  the  steps 
in  the  -6WC,  give  all  the  discrepancies  you  found  to  the  crew  or  dock  chief, 
but  keep  the  one  that  was  issued  to  you  by  your  dispatcher/supervisor, 
figure  10.    It  will  be  completed  as  in    figure  12,  then  return  it  and 
yourself  to  your  workcenter.    The  completed  349  for  the  look  phase  will  be 
given  to  your  dispatcher/supervisor.    NOTICE:    Under  Column  G  "units"  you 
took  a  zero  '0'.    This  is  because  you  never  completed  the  inspection,  you 
only  took  time  for  the  "Look  Phase."    You  still  have  the  fix  phase  open. 
For  an  inspection,  an  aircraft  may  be  down  for  days,  or  weeks.    It  depends 
on  manning,  availability  of  new  parts,  etc.    You  will  daily  turn  in  the  time 
you  spent  on  any  job,  or  Jobs,  regardless  if  it  was  completed  by  you  or  not. 
You  must  account  for  your  time  dai'y 

Now  what  happened  to  the  349s  you  gave  to  the  dock/crew  chief?  Well, 
since  it  is  his/her  aircraft,  they  will  be  responsible  to  order  all  the 
parts  needed  to  get  the  inspection  complete.    They  order  the  parts,  enter 
the  discrepancies  in  the  AFTO  Form  781A,  Maintenance  Discrepancy  and  Work 
Document,  (aircraft  forms),  then  forward  the  349s  to  Maintenance  and  Job 
Control. 

Maintenance/ Job  Control  will  make  entries  on  the  same  349  you  started 
during  the  look  phase,  as  in  figure  13.    When  the  parts  come  into  the 
dock/crew  chief,  they  will  call  control  and  let  them  know  the  job  is  now 
open.    Control  will  route  the  same  349  back  to  your  shop.    Now  begins  the  fi 
phase.    This  is  where  all  the  discrepancies  found  during  the  look  phase  are 
repaired,  and/or  parts  replaced  on  the  malfunctioning  systems,  that  you 
found • 

So  far  everything  done  on  this  inspection  was  done  by  you.    What  if  the 
fix  phase  for  one  of  the  discrepancies  opens  on  the  evening  shift?  Do 
they  wait  for  you  to  come  back  to  work  on  the  day  shift?    No,  now  anyone  in 
your  shop  could  get  involved.    Always  be  sure  your  discrepancies  are  clear 
and  exactly  what  and  where  it  is.    This  will  avoid  any  confusion.    (They  may 
call  you  at  home  to  repair  your  own  discrepancies,  if  they  are  too  badly 
written.)    The  349  will  then  be  completed  as  in  figure  14,  and  returned  to 
your  Dispatcher/Supervisor. 

Due  to  the  fact  that  the  entire  aircraft  is  due  this  inspection,  the 
only  person  who  will  know  when  all  systems  are  A-OK,  is  the  dock/crew 
chief.    After  all  symbols  and  discrepancies  have  been  cleared  on  the 
AFTO  Form  781A,  the  dock/crew  chief  completes  a  new  349  as  in  figure  15. 
Compare  figure  10  „ith  figure  13.    Remember  the  Methods  of  Inspection,  Dock 
and  Inplace?    Since  the  crew/dock  chief  is  assigned  to  the  aircraft  when  the 
inspection  was  due,  Control  had  the  aircraft  taken  to  them.     (They  performed 
the  dock  method.)    Since  they  were  not  dispatched  to  the  equipment, 
Blocks  7,  9,  17  and  18  are  left  blank.    You  left  your  workcenter  to 
report  to  their  workcenter  (Blocks  2)  to  do  work,  so  you  had  to  be 
dispatched  (see  figure  13,  Blocks  7,  9,  17  and  18).    It  is  their  (the 
^ck/crew  chiefs)  responsibility  to  see  the  inspection  was  completed,  so 
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they  take  a  "1"  in  column  'G'  (units),  while  you  take  M0M;  but  you  have  all 
the  hours,  while  they  get  nothing.    You  get  all  the  work  and  time,  while 
they  get  all  the  credit.    It  is  just  like  a  barracks  inspection.    You  do  all 
the  cleaning,  while  the  Squadron  Commander/or  First  Sgt  gets  all  the  credit. 
(GOOD  or  BAD!)    Just  like  preparing  the  barracks  for  the  inspection,  it 
takes  teamwork  on  everyone's  part  to  get  the  Job  done.    Remember,  you  can 
fail  barracks  inspection  and  repeat  it  later,  but  when  it  comes  to  aircraft 
inspections,  there  are  lives  on  the  line  and  therri  is  no  second  chance. 
Follow  our  TOs,  they  are  your  guide  so  you  don't  forget  to  check  and 
repair.    "The  life  you  save  may  be  mine!"    Don't  Forget! 
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^ICr;ftAvnViT??1!'en^1  SysteffiS  Mechanic  C3ABR42331-HO-301 
Cnanute  AFB,  Illinois 

CODING  AFTO  FORMS  349  and  350 

You  will  make  use  of  the  standard  equipment  reporting  designators 
on  pages  3  through  12  when  you  complete  block  3A  of  the  AFTO  Form  350. 

On  ,  t,;e  14,  you  will  find  the  category  of  l«bo-r  codes  that  are 
entered  in  column  K  of  AFTO  Form  349. 

«  .  ?16Se  C°deS  have  been  taken  from  T0  00-20-2,  The  Maintenance 

Data  Collection  System. 


OPR:  3370  TCHTG 
DISTRIBUTION:  X 

3370  TCHTG/TTGU-P  -  250;  DAV  -  1 


2 
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T.C.  00-20-2 


ATTACHMENT  2 
PART  I 


ists  an  *i'd  SRD  requirements  along  with  the  appropriate  IDS,  THS,  part  number,  noun,  etc 
mt  r         sed  in  conjunction  with  Part  I  to  determine  HOC/HICAP  reportability.  A  "yes"  in 


Part  I  of  Attachment  2  lis 

Part  II  of  this  attachment  r  sed  in  conjunction  with  Part  I  to  determine  HOC/HICAP  reportability.  A  "yes"  in 
the  HDC  column  of  Part  II  ind  ...at  the  SRD  will  be  used  when  reporting  maintenance  data.  A  "no"  m  the  HOC  column 
indicates  that  the  SRD  of  the  end  item  or  next  higher  assembly  will  be  used  to  report  maintenance  data.  A  "yes"  in 
the  HICAF  column  indicates  that  the  SRD  is  authorized  for  use  in  conjunction  with  supply  requisition  reporting  and 
a  "no"  indicates  that  it  is  not  authorized. 


NOTE 

This  hst  is  not  to  be  u  ed  for  AVFUELS  accountability,  see  Attachment  5f  APR  67-2,  for  codes. 


nooo21 


A2-1.  PURPOSE,  standard  equipment  reporting 
designator  (SRD)  codes,  are  designed  to  identify 
aircraft,  missiles,  and  ground 

communications-elect ronics-meteorological  (CEH) 
equipment.  These  codes  also  identify  related  equipment 
by  type  or  category  of  work  such  as  aerospace  ground 
equipment  (AGE) ,  precision  measurement  equipment 
(PRE),  trainers,  engines,  munitions,  real  property 
installed  equipment  (RPIE),  and  shop  work. 

a.  The  first  character  of  the  standard  reporting 
designator  code  identifies  a  general  type  of  equipment, 
such  as  "A"  for  aircraft,  "H"  for  ground  launched 
missiles.  "T"  for  training  equipment,  etc.  The  last  two 
characters  of  the  standard  reporting  designator  code 
identify  specific  equipment  (when  used  with  the  prefix), 
such  as  AEB  for  KC-135G,  XKG  for  the  TF33-7  used  on  the 
C-141A,  BKM  for  AN/GRR-7,  etc. 

b  A  limited  number  of  standard  reporting  designator 
codes  cover  groups  of  equipment  of  type  work  such  as  WA 
for  conventional  munitions  or  rsa  for  shop  work  op 
aerospace  equipment. 

c.  Standard  reporting  designator  codes  are  used  in 
computer  programs  to  facilitate  data  processing  of 
specific  equipment  identification  of  equipment  for  use 
in  automated  management  information  systems  and  to 
facilitate  interchange  of  data  between  the  supply  and 
maintenance  system.  The  authorized  abbreviation  for 
standard  reporting  designator  code  is  SRD  code. 

A2-2.    STANDARD  REPORTING  DESIGNATOR 

CODES.  This  attachment  provides  an  authoritative 
hst  of  standard  reporting  designator  codes  that  is  readily 
available  to  each  workcenter.  and  defines  requirements 
for  recording  these  codes. 

a.  The  first  character  (prefix)  of  the  standard 
reporting  designator  code  is  as  follows: 


Aircraft  and  Drones 

Ground  Radio  Equipment  (CEH) 

Ground  Radio  Equipment  (CEH) 

Ground  Radar  Equipment  (CEH) 


(cont'd) 

Ground  Heteorological  Equipment  (CEH)  F 
NOTE 

For  ground  CEH  equipment  listed  in  ground 
launched  missile  work  unit  code  manuals,  the 
standard  reporting  designator  code  which 
identifies  missile  peculiar  ACE  will  be  used. 
For  example,  standard  reporting  designator 
code  CRV  would  apply  to  ground  CEH  equipment 
listed  in  the  missile  work  unit  code  manual, 
which  is  used  in  direct  support  of  the  LGH-30F . 


Aerospace  Ground  Equipment  (AGE)  G 

Includes  all  powered  and  nonpowered  AGE,  ground  CEH 
equipment  listed  in  missile  work  unit  code  manuals, 
aircraft  and  missile  peculiar  AGE,  and  munitions 
handling  equipment. 


Precision  measurement  Equipment  (PRE) 
Ground  Special  Electronics  (CEH) 
Ground  Fixed  wire  Equipment  (CEH) 
miscellaneous  Ground  CEH 


Includes  locally  purchased  locally  manufactured  or 
commercial  equipment  which  is  not  supported  by  AFLC  or 
was  not  centrally  procured.  This  standard  reporting 
designator  code  prefix  will  always  be  used  when  coding 
from  the  "Hiscellaneous"  ground  CEH  work  unit  code 
manual.  Authorized  second  and  third  characters  (suffix) 
of  the  standard  reporting  designator  code  for  use  with 
this  prefix  code  will  be  assigned  and  maintained  by  major 
commands,  and  at  their  options,  published  as  a  major 
command  supplement  to  TO  00-20-2. 


Ground  Launched  missiles 

Air  Launched  Missiles  and  Guided  Weapons 


ERIC 


421) 


TO.  00-20-2 


(cont'd: 

usafss  Coaaand  Mission  Equipment  (CHE) 

Real  Property  Installed  Equipaent  Wit), 
Shop  work,  ecn  Pods  Venules,  Gearboxes 
and  nodules,  Special  Pur poses  pods 

AGE  Gas  Turbines,  Auxiliary  Power  Units 

Trainers,  Mobile  Training  sets  (NTS)  and 
Resident  Training  Equipment  (tTE) 

COMSEC  Equipaent 

LRU's 

Engines 


Q 
R 

S 
T 

U 
W 


This  standard  reporting  designator  code  prefix  applies 
to  m-shop  engine  Maintenance  for  all  aircraft  and 
missile  engines.  The  last  two  characters  which 
identifies  the  engine  to  a  particular  aircraft  or 
missile  by  aission,  design  and  series  will  be  used.  For 
example,  m-shop  work  on  a  TF30-3  associated  with  the 
F-lllA  would  be  identified  with  SRO  code  XNV. 


b.  For  equipment  on  which  new  codes  have  been 
requested,  the  codes  for  nonlisted  equipment  in  the 
applicable  equipment  category  can  be  used  until  the  new 
codes  are  published. 

c  MP  codas  for  USAF4S  Conertd  fftssion  Equipaent 
(CHE)  and  OMEC  oquipaent  are  outlined  in  Air  Force 
publications.  Use  only  first  position  $ao  code  Q  and 
last  two  positions  f roe  MSI -06  for  CUE  equipment.  Use 
first  position  SRO  code  J  and  last  two  positions  from 
AFKAN-S©4(  )  for  COMSEC  equipment. 


Munitions  Y 

NORAO  Combat  Operations  Center  (425L  and  1 
427N) 

439L,  469L  and  490L  Systeas  2 

492L,  493L  System  and  AFICCS  3 

474L,  496L  and  Defense  Support  Prograa  4 
Systeas 

465L  Systea  and  OCSCS  5 

466L,  497 L  Systeas  and  OSSCS  € 

486L  Systea  7 

TACS  (407L  and  485L),  412L  and  487L  Systeas  8 

440L  Systea  g 

ATTACK 


AIRCRAFT 


MOS 

SRO 

ENGINE  TMS 

SRO 

A-70 

AA2 

TF41-1 

XAA 

YA-7D 

AAA 

TF41-1 

A-10A 

AA1 

TFJ4-100 

XAO 

ERIC 
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(cont'd) 


T.O.  00-20-2 


BOMBER 


000021 

ERIC 


HQS 

SRD 

ENGINE  TAS 

SRD 

A-37B 

AAT 

J85-17 

XAH 

A-37B  ITF 

AAR 

J85-17 

XAJ 

ADS 

SRD 

ENGINE  TNS 

SRD 

6-2 

ABZ 

F201-100 

X8A 

8-52C 

ABC 

J57-19 

XBK 

J37-29 

XBL 

J57-43 

XBN 

NB-52C 

ABD 

J57-19 

XBN 

J57-29 

XBP 

J57-43 

XBQ 

B-52D 

ABM 

J57-19 

X6R 

J57-29 

X6S 

NB-52D 

ABH 

J57-29 

XBT 

J57-29 

XBU 

B-52E 

ABE 

J57-43 

X6V 

NB-52E 

ABJ 

J57-43 

XBX 

B-52F 

ABF 

J57-43 

XBY 

B-52G 

ABG 

J57-43 

XB2 

B-52H 

ABP 

TF33-3 

XS2 

WB-57C 

AB2 

J65-5 

X66 

B-57E 

AB3 

J65-5 

XB7 

EB-57E 

AB5 

J65-5 

X66 

WB-57F 

ABX 

TF33-11 

X69 

J60-9 

XCA 

ud  ccr\ 

ABR 

J72-23 

XCD 

FB-221A 

AB1 

TF30-7 

XCF 

TF30-3 

XCE 

YFB-111A 

ABB 

TF30-7 

XCG 

SR-71A 

ABV 

JT120-20B 

XCH 

5 
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T.O.  00-20-2 

(cont'd) 


RDS 

SRD 

ENGINE  TNS 

SRD 

AM 

JT11D-20I 

XCJ 

UN) 

AOS 

SRD 

mm  tns 

SRO 

C-5A 

AC  2 

TF39-1 

XCK 

C-5A  LTF 

TF39-1 

XCL 

C-7A 

AG2 

12000- 7N2 

XCN 

C-9A 

AC* 

TFI-9 

XCR 

C-22 

ALD 

NONE 

NONE 

C-47A 

AEL 

R1830-92 

XCV 

C-47D 

AEG 

R1830-90 

XCV 

C-97C 

ACO 

R43W-59 

XEA 

C-118A 

AJC 

R2S00-52 

XEJ 

C-121C 

AJN 

R33S0-93 

XEV 

FC-121T 

AEQ 

H3350  93 

XEY 

C-1238 

ktP 

R2M0-M 

XEZ 

C-123K 

AC3 

JI5-17 

XE4 

R2800-99 

XE5 

1^23* 

AC4 

J85-17 

XE8 

R2N00-99 

XE9 

C-130A 

ACF 

T56-9 

XGE 

AC-130A 

AC6 

T56-9 

XGF 

DC-110A 

AEV 

T56-9 

XGG 

RC-130A 

AJQ 

T56-9 

XGJ 

C-130B 

AC* 

T56-7 

XCK 

WC-1308 

AC9 

T56-7 

XCL 

C-1300 

AJR 

756-9 

XGN 

C-130E 

ACM 

TS6-7 

XON 

TM-19 

XGO 

NDS  SRD 

DC-130E  AEW 

EC-130E  ALB 

WC-130E  AJ$ 

HC-130E  ALA 

C-130H  ACK 

AC-130H  ACS 

DC-130H  ACA 

HC-130H  AC7 

WC-130H  AJT 

HC-130N  AJU 

HC-130P  AJV 

C-130E  APA 

(Little  Rock 

Test) 

C-131B  ACT 

C-131D  AJX 

C-131H  AKE 

NC-131H  AJ1 

C-135A  ACV 

EC-135A  AED 

KC-135A  ACX 

KC-135A  LTF  AC! 

NKC-135A  AJ3 

NC-135A  AJ4 

RC-135A  AJ5 


(cont'd) 

ENGINE  TK$  SRD 

T56-7  XCP 

T56-7  XH6 

T56-15  XN8 

T56-7  XGQ 

T56-7  XH5 

T56-15  XCR 

T56-15  XGS 

T56-15  XGA 

T56-15  XGT 

T56-15  XGU 

T56-15  XGV 

T56-15  XGU 

T56-7  XPA 

R2800-99  XGZ 

R2800- 103  XG1 

R2800-103  XG4 

TS01-13  XPN 

T501-13  XG7 

JS7-43  XJA 

J57-59  XJB 

J57-59  XJC 

J57-43  XJD 

J57-59  XJE 

J57-43  XJG 

J57-59  XJH 

J57-43  XJK 

J57-59  XJL 

J57-59  AJN 

J57-43  XJV 

J57-59  XJP 


,433 


T.O.  00-20-2 


ELECTRONIC 

ERIC 


MDS  SRD 

C-1358  AEF 

WC-1358  AC5 

C-135C  AJ7 

EC-135C  AEE 

fiC-1350  AJ8 

EC-13SC  AJ9 

EC-135H  AGA 

EC -135 J  AC6 

EC-135K  ALF 

EC-135L  AEH 

RC-135M  AGO 

EC-135N  AEA 

EM35P  AGE 

KC-135Q  AEB 

KC-135R  AGF 

RC-135S  AGG 

RC-135T  AGH 

RC-135U  AG J 

RC-135V  AGK 

C-U06  AKC 

C-140A  ACZ 

YC-141B  AAG 

C-141A  AC* 

C-141A  (NASA )  AEK 

NC-141A  AGP 


(cont'd) 

ENGINE  TNS  SRD 

TF33-5  XJQ 

TF33-5  XJS 

TF33-5  XJ] 

TF33-9  XJU 

TF33-9  XKO 

J57-59  XJW 

J57-59  XJ* 

J57-43  XJY 

TF33-9  XJZ 

J57-59  XJ1 

J57-43  XH7 

J57-59  XJ2 

TF33-5  XJ3 

J57-43  XJ4 

J57-59  XJS 

J57-59  XJ6 

J57-59  XJ7 

TF33-5  XJ8 

J57-59  XJ9 

TF33-9  XKA 

TF33-9  XKB 

J60-5  *PL 

J60-5  XKE 

TF33-7  XUT 

TF3J-7  XKG 

TF33-7  XEK 

T*33«7  XKH 


,434 


T.O.  00-20-2 


FIGHTER 


MDS 

con 

E-3A 

AE2 

TF33-100 

XKJ 

E-4A 

AE5 

F105-100 

r  tvv  ivv 

Ar\r\ 

E-4B 

AAJ 

MDS 

SRD 

FNGINF  TIK 

F-4C 

AFP 

J7Q.  1 

VC  A 

Ar  A 

F-4C  LTF 

AFY 

wr  i 

I7Q. 1 * 

VCD 

XrB 

RF-4C 

AFW 

J7Q. 1* 

Ycr 
Ar 

YRF-4C 

ANB 

J7Q- IS 

YCC 

Art 

F-4D 

AFS 

YCC 

Ar  r 

F*4D  (FOL) 

ADX 

YPP 

Ado 

F-4D  LTF 

ACQ 

170   1  C 

VCA 

XFG 

F  -4F 

ACT 

Mr  I 

XFH 

YF-4F 

170- 1 7 

XFJ 

F-4F 

AR< 

170    1  7 

XFK 

F  -  AC. 

ANJ 

170    1 7 
J/9* 1/ 

XN3 

F  - 

AC  V 

Ar  A 

ifiC    1  1 

J  03- 1 6 

XFL 

a  tun 
ANU 

Jo5* 13 

XFH 

F.  ^F 

ACIl 

ArU 

J85-21 

XFN 

c  _  cc  /I  Tr  \ 

AC  1 

Ar  1 

J09-Z1 

XF1 

F  - 1  <%A 

ACf* 

Art* 

C 1  AA    1 AA 

r 1U0- 100 

XFP 

C.1C*     fl TCI 

AM  A 

ANA 

C 1 AA    1 AA 

F100- 100 

XNA 

C,1CD 
r  "  1  jD 

AUC 

ANt 

C 1 AA    1 AA 

r 100*100 

XFQ 

C  -  1  CP 

A  AT 

AAC 

r 1 AA    1  AA 

,  F 100- 100 

xcs 

f  -  l^n 

A  AC 
AAL 

r  |  AA     1  AA 

r  100- 100 

XCM 

F-101B 

AFF 

J57-55 

XFZ 

F-101F 

A  NO 

J57-55 

XF5 

F-102A 

AFJ 

J57-23 

XF7 

TF-102A 

ANS 

J57-23 

XF9 

F-5F 

AF2 

J85-21 

XN2 

000021  -  _ 


ERIC 


T.O.  00-20-2 


HELICOPTER 


(cont'd) 

«DS  SftD  ENGINE  TftS  SRD 

F/RF4  Nap  AF6  J79-15  N*p  XF3 

Countires  Countries 

F-16A  AFA  F100-100  XFR 

F-16A  (IOTE)  AKA  F100-100  XES 

F-16B  ANf  F100-100  XNl 

F-104C  AFB  J79-11  XNC 

TF-104G  AFL  J79-11  XNH 

F-105B  AFN  J75-19  XNJ 

F-105D  AFK  J75-19  XNH 

F-105F  AFR  J75-19  XNP 

F-105C  AFO  J75-19  XNQ 

F-106A  A FN  J75-17  XNR 

F-106B  ANY  J75-17  XNT 

NF-1068  AN?  J75-17  XNU 

F-111A  AFV  TF30-3  XNV 

F-111D  AF5  TF30-9  XNX 

F-1UE  AF6  TF30-3  XNY 

TF30-4  XNU 

Ml  IF  AF7  TF30-100  XN2 

EF-111A  A EC  TF30-3  XEC 


NOS  SRD  ENGINE  TNS  SRD 

UH-10  AHA  T53-13  XHA 

TH-1F  AHB  T58-3  XHB 

UH-1F  AHF  T5B-3  XHC 

HH-1H  AHE  T53-13  XHO 

UH-1N  AHY  T400-400  XHE 

UH-1P  AHC  T50-3  XHF 

CH-3B  AHU  T58-1  XHH 

CH-3E  AHH  T58-5  XHN 


10 
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OBSERVATION 


TRAINER 


0000  21 

ERIC 


BOS  SRD 
HH-3E  AHO 
HH-43F  AHG 
HH-538  AHW 

CH-53C  AH5 
HH-53C  AH6 
HH-53H  ALE 

ADS  SRD 

0-2A  AP4 

0-2B  APC 

ftDS  SRD 

T-33A  ATC 

NT-33A  AT6 

T-37B  ATE 

T-37B  LTF  ATK 

T-38B  AAV 

<-38A  ATF 

T-38A  LTF  ATT 

NT-38A  AT9 

CT-39A  ARF 

T-39A  ATG 

CT-39F  ARG 

NT-39A  ARA 

T-39B  ARB 

T-39F  ARC 


(cont'd) 

ENGINE  TNS  SRD 
T58-5  XHP 
T53-11  XHU 
T64-3  XHX 
T64-7  XHY 
T64-7  XH1 
T64-7  XH3 
T64-7  XKL 

TRS  SRD 
I0360-C  XPC 

I0360-D  XPO 

I0360-C  XPE 

I0360-D  XPF 

ENGINE  TNS  SRD 

J33-35  XTU 

J33-35  XTX 

J69-25  XTZ 

J69-25  XT1 

J85-5  XAL 

J85-5  XT3 

J85-5  XT4 

J85-5  XT5 

J60-3  XUR 

J60-3  XT6 

J60-3  XUS 

J60-3  XT7 

J60-3  XT8 

J60-3  XT9 

4^7 


T.O.  00-20-2 


0  00-20-2 


UTILITY 


HDS 
T-41A 
T-4L 
-43A 


MDS 

U-3B 
U-4& 
UV-18B 
0V-10A 


U-2A 


SRD 
ATJ 
ARE 
ATH 


(cont'd) 

ENGINE  TNS 
0300-0 
I036U-D 
TF8-9 


SRD 
XRA 
XRC 
XRD 


SRD 
AUB 
AUN 
ABB 
AU1 

APJ 


ENGINE  TNS 

10470-0 

GS0480-B1A6 

TT6A-27 

T76-10 

T76-12 

J75-13' 


SRD 

xoc 

XUD 
XBC 
XUP 
XUQ 

XF" 


ERJC 
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TO  OO-ZO- 

REPRODUCTION  FOR  ATC  TRAINING  USE  ONLY.    DO  NOT  USE  ON  THE  TOB. 

ATTACHMENT  4 

CATEGORY  OF  LABOR  CODES 
(ADE  CA-760-XI) 


A4~l.    The  following  data  codes  are  to  be  used  for  differentiating  the 
various  types  of  Maintenance  resources  used  to  support  the  USAF  equip- 
ment maintenance  program.    These  codes  are  mandatory  for  all  units 
under  the  Maintenance  Data  Collection  System. 


DATA  ITEMS  DATA  CODES 

Military,  Regular  Duty  Hours  1 

Military,  Overtime  Hours  2 

Federal  Service  Employee -Regular  Duty  Hours  3 

Federal  Service  Employee -Overtime  Hours  4 

Local.  National  Employee  Hours  S 

Contractor  Lalwi  Hours  6 


A4-2.  The  applicable  code  will  be  entered  in  column  K  oi.  al.1  AFTO 
FORMS  349  as  outlined  in  the  00-20-2-series  technical  orders. 
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Environmental/Fneudraul ict  branch 
Chani'te  AFB,  Illinois 


C3ABR42331-SG-301A 


INSPECTION  SYSTEM 

OBJECTIVE 

State  th    general  principles  ot  the  inspection  system  by  answering  a 
minimum  of  8  of  10  questions  correctly. 

INTRODUCTION 

Well,  soon  you  will  be  leaving  Chanute  AFB,  Illinois,  and  going  PCS  to 
another  base,  probably  in  another  state.     If  you  plan  on  driving  your  car, 
you  probably  will  not  begin  your  trip  without  first  preparing  your  car.  This 
preparation  is  like  an  inspection  that  is  performed  on  an  aircraft.  The 
only  difference  is,  if  you  forget  to  check  something  on  your  car,  before  you 
leave,  and  the  component  stops  functioning  properly,  you  can  pull  over  to 
get  it  repaired;  but  what  does  the  pilot  do  if  a  system  or  component  fails? 

Inspections  on  aircraft  are  never  ending,  and  none  are  more  or  less 
important  than  the  other. 


Note:     Remove  all  figures  located  in  the  back  of  this  study  guide  at 
this  time. 

Scheduled  Maintenance  Inspection 

Scheduled  maintenance  inspections  required  for  Air  Force  equipment  are 
prescribed  in  the  applicable  -6  scheduled  inspection  and  maintenance  requirements 
manuals  and  inspection  workcards  (WC)  or  checklists  (CL) . 

The  scheduled  maintenance  Ainpecc.  ~>n  intervals  for  aircraft  or  support 
systems,  equipment  end  items  and  components  are  specified  in  the  applicable 
-6  scheduled  inspection  and  maintenance  manuals  and  -6WC  inspection  workcards. 
All  requirements  pertaining  to  inspections  will  normally  be  accomplished  in 
numerical  order  to  avoid  complications  in  controlling  and  scheduling  the 
required  maintenance.     The  time  intervals  specified  for  schedul.  i  maintenance 
inspections  such  as  calendar,  and  flying  hours  represent  the  maximum  interval 
between  accomplishment  of  such  requirements. 


OPR:  3370  TCHTG 
DISTRIBUTION:  X 

3370  TCHTG/TTGU-P  -  300;  DAV  -  1 


Review  Questions 


Complete  the  following  statements  in  the  spaces  provided.  If  additional 
space  is  required  use  notebook  paper.  The  answers  are  located  in  the  back  of 
this  study  guide. 

1.      All  requirements  pertaining  to  inspections  will  normally  be 
accomplished 


2.      Scheduled  maintenance  inspections  required  for  AF  equipment  are 
prescribed  in 


3-      Time  intervals  specified  for  scheduled  maintenance  inspections 
such  as  calendar  or  flying  hours  represent 
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Workcards  and  Sequence  Charts 

Let's  find  out  what  "tools"  (Inspection  Control  Documents)  are  used 
during  the  performance  of  an  inspection  used  by  you  and/or  your  supervisor. 
These  tools  are  located  in  TO  00-20-1.) 

The  planned  inspection  and  maintenance  concept  provides  a  means  of 
performing  required  inspections  and  repairs  on  a  scheduled  and  planned  basis. 
This  planning  and  scheduling  is  required  for  phased,  periodic  and  isochronal 
(iso,  means  equal  amounts;  chronal  is  time,  usually  expressed  in  days  or  montus) 
inspections,  and  major  maintenance  on  aircraft  or  support  equipment  to 
effectively  use  the  people  assigned  to  your  section.    A  degree  of  planning  and 
scheduling  is  also  provided  for  by  the  usr   »f  inspection  workcards  and  sequence 
charts. 

The  inspection  workcards,  figure  1,  outline  the  minimum  inspection 
requirements «     They  are  used  as  a  guide,  and  tell  you  what  to  inspect,  and 
\/^at  to  inspect  it  for.    The  inspection  workcards  will  be  a  very  important 
tool  that  you  will  use    n  order  to  complete  an  inspection  properly,  and 
effectively  in  a  minimum  amount  of  time.    They  are  published  under  the  authority 
of  the  Secretary  of  the  Air  Force,  and  each  -6  inspection  requirement  TO,  and 
-6WC  inspection  requirement  inspection  has  its  own  set  of  workcards,  with  a 
separate  TO  number  assigned  for  each  set  (-6,  end  -6WC  =  1  set). 

The  sequence  chart,  figure  2,  is  used  by  your  supervisor  in  orde*  to  control 
the  inspection.     The  sequence  chart  is  used  as  a  guide  in  preparing  fhe  actual 
work  schedules.    They  also  serve  as  a  means  of  controlling  the  assignment  of  work 
during  the  inspection,  and  are  a  ready  reference  for  determining  the  progress  of 
the  inspection.     To  aid  tae  supervisor  in  making  work  assignments,  the  inspection 
workcard  numbers  may  be  plotted  on  the  sequence  chart  to  provide  the  desired  work 
schedule  or  sequence  in  which  all  predictable  or  routine  maintenance  can  be  most 
effectively  accomplished.    The  use  of  the  workcards  and  sequence  charts,  will 
permit  the  work  of  each  individual  to  be  planned  for  uninterrupted  job  completion. 
This  will  assure  the  planned  use  of  personnel,  early  detection  of  discrepancies, 
and  more  accurate  planning  for  the  accomplishment  of  the  required  repair  work. 

Review  Questions 

Complete  the  following  statements  using  the  information  above. 
1.      The  use  of  workcards  and  sequence  charts  will  permit 


2.      The  sequence  chart  is  used  as 


3.      The  inspection  workcards  outline  the 


4.      The  planned  inspection  and  maintenance  concept  provides  a  means 

E 
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Inspection  Methods 


Inspections  on  aircraft,  or  support  equipment,  will  normally  be 
accomplished  under  a  "specialists"  maintenance  concept,  which  means  each 
system  specialist  will  perform  their  portion  of  the  inspection.    This  will 
consist  of  an  inplace  method       inspection,  or  the  dv,ck  method  of  inspection. 
The  inspection  crews  will  be  supported  by  the  specialists  provided  on 
dispatch  forms  (AFTO  Form  349)  from  the  various  shops  as  scheduled. 

The  inplace  method  is  used  when  maintenance  ar*J  operational 
requirements  say  that  the  inspection  and  maintenance  must  be  performed 
at  the  aircraft  location.     In  other  words,  you  go  to  the  aircraft. 

The  dock  method  is  used  when  maintenance  and  operational  requirements 
say  the  aircraft  be  moved  to  a  fixed  station  or  site  for  accomplishment. 
Required  maintenance  crews  may  be  permanently  assigned  to  such  stations  or 
sites.     Each  "inspection  dock"  will  be  equipped  with  the  necessary  tools 
and  equipment  to  accomplish  the  required  inspection  and  maintenance.     In  this 
method  of  inspection  the  aircraft  is  brought  to  you* 

Review  Questions 

Answer  the  following  questions  using  the  information  above. 
1.      When  will  the  INPLACE  method  of  inspection  be  used? 


2.      When  will  the  DOCK  method  of  inspection  be  used? 


4544 


Inspection  Concepts 

There  are  four  authorized  inspection  concepts  used  for  aircraft.  These 
concepts  are  periodic,  phased,  isochronal,  and  programmed  depot  maintenance. 
Each  of  the  inspections  in  these  concepts  will  be  accomplished  in  accordance 
with  the  applicable  -6  inspection  requirement  maintenance  manual,  or 
inspection  work  cards. 

1.  Periodic  Concept 

a.  Preflight  (PR) 

b.  End  of  Runway  (EOR) 

c.  Thruflight  (TH) 

d.  Basic  Postflight  (BPO) 

e.  Hourly  Postflight  (HPO) 

f.  Periodic  (PE) 

2.  Phased  Concept 

a.  PR 

b.  EOR 

c.  TH 

d.  BPO 

e.  Phase  (PH) 

3.  Isochronal  Concept 


a. 

PR 

b. 

EOR 

c . 

TH 

d. 

BPO 

e. 

Home 

Station 

f . 

Minor 

(MIN) 

Major 

(MAJ) 

ERJC 


4.      Programmed  Depot  Maintenance  (PDM) 

As  you  can  see,  the  first  four  (a-d)  inspections  performed  under  each 
concept  are  the  same.     (PR,  EOR,  TH,  BPO).    We  will  cover  these  four  first, 
then  explain  the  HPO,  PE,  PH,  HSC,  MIN,  MAJ  and  PDM.    Get  used  to  using  these 
abbreviations;  they  will  be  used  quite  frequently  throughout  your  AF  career. 
Preflight  (PR) 

The  preflight  inspection  is  due  prior  to  the  first  flight  of  the  flying 
period. 

Let's  say  the  flying  period  begins  at  0600  hours.    This  is  the  time  when 
the  pilots  will  begin  wanting  aircraft.     The  Base  Operations  Office  (Base  Ops) 
lets  maintenance  control  know  ahead  of  time  how  many  aircraft  will  be  needed 
for  the  next  days  mission.    Maintenance  Control  will  then  distribute  the 
total  number  equally  between  the  flights  and  then  let  job  control  distribute 
the  work  to  the  various  flights.    Each  flight  will  have  crews  for  this  called 
a    Preflight  Crew."    These  crews  usually  come  in  to  work  approximately  two 
hours  earlier  than  when  the  flying  period  begins,  (0400  hours). 
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The  preflight  inspection  includes  visually  examining  the  aircraft  and 
operationally  checking  certain  systems  and  components  to  insure  there  is  no 
serious  defects  or  malfunctions. 

Major  commands  have  the  option  of  selecting  a  24,  48  or  a  72  hour  preflight 
validity  pr-iod.     If  the  preflight  validity  period  selected  is  72  hours,  and 
the  aircraft  does  fly_  a  mission,  the  preflight  will  be  accomplished  every  24 
hours;  but  if  the  aircraft  does  not  fly  within  the  24  hour  period,  the 
preflight  will  be  valid  for  48  hours.    After  48  hours  have  gone  by  and  the 
aircraft  still  does  not  fly,  a  new  preflight  is  due.    The  aircraft  can  sit  idle 
up  to  72  hours  before  another  PR  has  to  be  done,  regardless  if  it  will  flv 
or  not.  ' 

End  of  Runway  (EOR) 

The  EOR  is  a  final  visual  and/or  operational  check  of  designated  aircraft 
systems  and  components.     It  will  be  performed  immediately  prior  to  takeoff 
at  a  designated  location,  usually  near  the  end  of  the  runway.    The  purpose  of 
the  inspection  is  to  detect  critical  defects  which  may  have  developed  or 
become  apparent  during  ground  operation  of  the  aircraft.    They  would  check 
things  like  -  tires  for  cuts;  leakage  from  fluid  svtfems  in  the  cracks  of 
panels  and  doors,  and  making  sure  panels  and  doors  are  closed  and  fastened; 
covers  and  pins  are  removed,  etc. 

Thruflight  Inspection  (TH) 

The  TH  inspection  is  a  between  flights  inspection  and  will  be  accomplished 
between  flights  when  an  immediate  turn  around  or  sortie  (mission)  will  happen. 
The  TH  consists  of  checking  the  aircraft  for  flight  continuation  by  performing 
visual  examinations  or  operational  checks  of  certain  components,  areas,  or 
systems  to  assure  that  no  defects  exist  which  would  be  dangerous  to  further 
tlight.    This  inspection  is. the  same  as  a  pitt  stop  at  the  Indy  ^CO.  When 
a  race  car  comes  in  for  a  pitt  stop,  there  are  only  certain  things  done. 
Checking  tires,  refueling,  cleaning  the  windshield,  give  the  driver  a  drink 
and  get  back  on  the  track.    The  TH  is  done  basically  the  same  way. 

Basic  Postflight  (BPO)  Inspection 

The  BPO  is  accomplished  after  the  last  flight  of  the  flying  period. 
This  inspection  consists  of  checking  the  aircraft  to  see  if  it  is  suitable  for 
another  flight  by  performing  a  visual  examination  or  operational  checks  of 
certain  components,  areas,  or  systems  to  be  sure  that  no  defects  exist  which 
would  be  dangerous  to  flight.    The  BPO  is  "a  more  thorough  check  than  the  PR" 
oi  TH.    The  BPO  is  done  only  when  the  aircraft  is  released  by  Operations. 
This  gives  the  specialists  more  time  to  repair  discrepancies  that  are  found 
before,  the  next  flying  period  begins. 

Periodic  (PE)  Inspection 

The  PE  is  due  upon  a  specified  number  of  flying  hours.  The  PE  is  more 
extensive  than  the  HPO  or  BPO.  This  inspection  is  a  thorough  and  ^earcWng 
inspection  of  the  entire  aircraft. 
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Hourly  Postflight  (HPO)  Inspection 


The  HPO  will  be  done  upon  a  specified  number  of  flying  hours.  This 
inspection  adds  to  the  BPO  at  the  specified  intervals.    This  means  that  they 
may  both  be  done  at  the  same  time  provided  they  are  both  due  at  the  same  time. 

Phased  (PH)  Inspection 

The  PH  concept  consolidates  the  BPO  and/or  HPO  and  PE  into  small  packages 
having  approximately  the  same  work  content  and  manhours  for  accomplishment. 
The  primary  objective  is  to  minimize  the  length  of  time  that  an  aircraft  is 
out-of-commission  for  any  given  scheduled  inspection,  and  is  done  at  a  specified 
number  of  flying  hours. 

Isochronal  (ISO)  Inspection  Concept 

The  ISO  Concept  translates  flying  hours  into  calendar  periods,  usually 
expressed  in  days.     The  PH,  and  PE  are  due  after  a  specified  number  of 
"flying  hours."    The  following  inspections,  under  this  concept  will  be  due 
after  a  specified  number  of  "calendar  days",  regardless  of  how  many  "hours" 
the  aircraft  has  actually  fiown. 

Home  Station  Check  (HSC)  Inspection 

The  HSC  consists  of  inspection  requirements  arranged  and  designated  for 
accomplishment  when  the  aircraft  returns  from  a  long-range  mission  or  upon 
expiration  of  a  specified  short-term  calendar  period.    This  date  will  be 
computed  from  the  programmed  start  date  of  the  last  inspection.     It  is 
accomplished  along  with  MAJ  or  MIN  Inspections,  provided  they  are  all  due  at 
the  same  time. 

Minor  Inspection  (MIN) 

The  MIN  is  due  upon  a  specified  number  of  calendar  days.    This  date 
will  be  computed  trom  the  prc(  rammed  start  date  of  the  last  major  inspection. 
The  MIN  consists  of  checking  certain  components,  areas,  cr  systems  of  the 
aircraft  to  determine  if  conditions  exist  which,  if    ot  corrected,  could 
result  in  failure  or  malfunction  of  a  component  prior  to  the  n3xt  scheduled 
inspection.    The  MIN  is  accomplished  at  the  completion  of  the  mission  during 
which  the  specified  calendar  days  accrued. 

Major  (MAJ)  Inspection 

The  MAJ  is  due  upon  accrual  of  the  number  of  calendar  days.  This 
date  is  computed  from  the  programmed  start  date   of  the  last  MAJ  inspection. 
The  MAJ  is  a  thorough  and  searching  inspection  of  the  entire  aircraft,  and 
individual  requirements  may  be  more  extensive  than  previous  inspection 
items.    The  inspection  consists  primarily  of  checking  certain  components, 
areas  and  systems  of  the  aircraft,  which  due  to  their  function  requires 
less  attention  than  that  required  by  other  inspections.    This  inspection 
is  accomplished  to  u^temiine  if  a  condition  exists  which*  if  not  corrected, 
could  result  in  the  failure  of  a  component  or  cause  system  malfunction 
prior  to  the  next  scheduled  inspection.    The  MAJ  Is  accomplished  at  the 
completion  of  the  mission  during  which  the  specified  calendar  day  is  accrued. 

Programmed  Depot  Maintenance  (PDM) 

The  PDM  is  an  inspection  requiring  skills,  equipment  or  facilities 
not  normally  owned  by  the  operating  locations.     Individual  areas,  components 
and  systems  are  inspected  to  a  degree  beyond  the  other  inspection  requirements. 
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Review  Questions 

Answer  the  following  questions  or  complete  the  statements  using  the 
information  provided  on  pages  6,  7,  8, 

1.  The  four  basic  inspection  concepts  are? 
a. 

b. 
c. 
d. 

2.  The  preflight  inspection  will  be  due  prior  to 

3.  When  will  the  EOR  be  performed? 


4.      The  aircraft  lands  and  an  immediate  turnaround  or  sortie  (mission) 
will  happen.    What  inspection  is  due  on  the  aircraft? 


5.  When  will  the  BPO  be  accomplished? 

6.  What  is  the  purpose  of  performing  a  BPO  and  then  performing  a  PR? 

7.  When  is  the  PE  inspection  due? 

8.  ihe  abbreviation  HPO  identifies  which  inspection? 


9.      The  HPO  adds  to  which  other  inspection  (provided  they  are  both  due 
at  the  same  time)? 


10,      What  is  the  difference  between  the  ISO  Concept  and  the  PE/PH  Concept? 

lit      Which  inspections  aie  due  on  aircraft  everyday,  and  before  each 
take-off  or  landing? 

12.  Which  inspections  are  due  after  a  specified  number  of  flying  hours? 

13.  Which  inspections  are  due  upon  a  specified  number  of  calendar  days 
or  calendar  period? 
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Symbol  Used  During  an  Inspection 


The  symbol  used  cm  maintenance  documents  which  identifies  that  an 
inspection  is  due  is  the  red  dash.    All  discrepancies  found  during  the 
inspection  will  be  entered  in  the  AFTO  Form  781A  with  the  appropriate  symbol 
for  that  particular  discrepancy,  not  the  inspection  symbol. 

AFTO  Forms: 

The  AFTO  Forms  used  during  the  inspections  are  the  AFTO  Forms: 

349  to  account  for  times  spent  performing  the  inspection, 
it    s  repaired  or  replaced  and  defect  of  these  items. 

350  to  get  parts  repaired  that  are  found  to  be  def^ctivp, 

781A    to  record  maintenance  performance  on  aircraft  and  to  identify 
at  a  glance  the  condition  of  the  aircraft. 

Phases  of  Inspection 

There  are  two  phases  to  each  inspection.     They  are: 
o  Look 
o  Fix 

When  an  inspection  is  due,  you  may  receive  a  349  that  is  similar  to  the 
one  shown  in  figure  3.     In  Block  26  it  will  describe  the  system  that  is  due  the 
inspection,  along  with  ll:e  type  of  inspection  that  is  due.     It  will  have  a  Job 
Control  Number  entered  in  Block  1;  the  work  center  code  responsible  to  complete 
the  inspection  in  Blcck  2;  the  aircraft  ID  Number  entered  in  Block  3.  The 
entries  in  Blocks  7,  9,  17  and  18  are  completed  only  when  the  349  if  to  be  used 
as  a  dispatch  form.    The  priority  (job  importance)  in  Block  7  tells  the  dispatcher 
what  priority  this  particular  job  is.     (The  higher  (1,  2,  3,  4)  the  number  in 
Block  7  the  lower  the  priority.)    Priority  ones  (lfs)  will  always  be  completed 
first;  twos,  second;  and  so  forth.    They  will  put  the  location  of  the  aircraft 
in  Block  9.    This  tells  your  dispatcher  and/or  supervisor  what  hangar  or 
flight  ,ou  will  be  working  in.     Block  17,  Time  Specialists  Required,  tells 
you  that  you  have  an  appointment  at  that  time  to  be  at  this  aircraft  with 
TOs  and  toolbox,  and  ready  to  begin  your  part  of  the  inspection.     If  for 
some  reason  the  start  time  is  delayed,  your  dispatcher  or  supervisor  will 
make  the  nocessary  arrangements  with  Job  or  Maintenance  Control  to  get  a 
new  start  time.    Whenever  an  inspection  is  due  the  entire  aircraft  is 
inspected.    The  "scheduling  specialists*1  allows  these  specialists  to  go  in, 
get  the  inspection  done  and  away  without  interf erring  with  other  specialists. 
The  Job  Standard  in  Block  18  is  "estimated"  job  completion  time.  Experience 
of  specialists  and  availability  of  equipment  is  not  taken  under  consideration. 
It  may  or  may  not  take  this  amount  of  time.    We  have  approximately  two  hours 
to  complete  only  the  look  phase  of  this  inspection.    The  look  phase  is 
accomplished  first  in  order  to  get  the  necessary  parts  to  repair  the  system. 
We  never  know  what  we  will  find  wrong,  if  anything.    Just  follow  the  -6WC 
(inspection  requirement  work  cards,  applicable  to  the  inspection  being 
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performed)  step-by-step.    The  workcards  are  used  as  a  guide  telling  you 
what  to  inspect,  and  what  to  inspect  it  for.     (See  figure  1.)    When  you  do 
find  a  discrepancy,  complete  the  AFTO  Form  349  as  required  in  figure  4. 
Put  the  discrepancy  in  Block  26,  and  job  control  number,  workcenter  and 
aircraft  ID  number  in  Blocks  1,  2  and  3.    Each  discrepancy  gets  a  new  349. 
If  you  find  18  discrepancies,  you  will  turn  in  18  349  s  to  the  crew  or 
dock  chief.    Once  you  have  completed  all  the  steps  in  the  -6WC,  give  all  the 
discrepancies  you  found  to  the  crew  or  dock  chief,  but  keep  the  one  that 
was  issued  to  you  by  your  dispatcher /supervisor ,  figure  3.     It  will  be 
completed  as  in  figure  5,  then  return  it  and  yourself  to  your  workcenter. 
The  completed  349  for  the  look  phase  will  be  given  to  your  dispatcher/ 
supervisor.    NOTICE:    Under  Column  G  "units"  you  took  a  zero  f0f.    This  is 
because  you  never  completed  the  inspection,  you  only  took  time  for  the 
"Look  Phase."    You  still  have  the  fix  phase  open.    For  an  inspection,  an 
aircraft  may  be  down  for  days,  or  weeks.    It  depends  on  manning,  availability 
of  nev  parts,  etc.    You  will  daily  turn  in  the  time  you  spent  on  any  job, 
or  job?,  regardless  if  it  was  completed  by  you  or  not.    You  must  account 
for  your  time  daily. 

Now  what  happens  to  the  349s  you  gave  to  the  dock/crew  chief?  Well, 
since  it  is  his/her  aircraft,  they  will  be  responsible  to  order  all  the  parts 
needed  to  get  the  inspection  complete.    Th°v  order  the  parts,  enter  the 
discrepancies  in  the  AFTO  Form  781A,  Maintenance  Discrepancy  and  Work  Document, 
(aircraft  forms),  then  forward  the  349s  to  Maintenance  and  Job  Control. 

Maintenance /Job  Control  will  make  entries  on  the  same  349  you  started 
during  the  look  phase,  as  in  figure  6.    When  the  parts  come  into  the  dock/crew 
chief,  they  will  call  control  and  let  them  know  the  job  is  now  open.  Control 
will  route  the  same  349  back  to  your  shop.    Now  begin  the  fix  phase.    This  is 
where  all  the  discrepancies  found  during  the  look  phase  are  repaired  and/or 
parts  replaced  on  the  malfunctioning  system  ,  that  you  found. 

So  far  everything  done  on  this  inspection  was  done  by  you.    What  if  the 
fix  phase  for  one  of  the  discrepancies  opens  on  the  evening  shift?    Do  they 
wait  for  you  to  come  back  to  work  on  the  day  shift?    No,  now  anyone  in  your 
shop  could  get  involved.    Always  be  sure  your  discrepancies  are  clear  and 
exactly  what  and  where  it  is.    This  will  avoid  any  confusion.     (They  may  call 
you  at  home  to  repair  your  own  discrepancies,  if  they  are  too  badly  written.) 
The  349  will  then  be  completed  as  in  figure  7  and  returned  to  your  Dispatcher/ 
Supervisor . 

Due  to  the  fact  that  the  entire  aircraft  is  due  this  inspection,  the 
only  person  who  will  know  when  all  systems  are  A-OK,  is  the  dock/crew  chief. 
After  all  symbols  and  discrepancies  have  been  cleared  on  the  AFTO  Form  781A, 
the  dock/crew  chief  completes  a  new  349  as  in  figure  8.     Compare  figure  5 
with  figure  6.    Remember  the  Methods  of  Insnection,  Dock  and  Inplace?  Since 
the  crw/dock  chief  is  assigned  to  the  aircraft  when  the  inspection  was 
due,  Control  had  the  aircraft  taken  to  them,     (They  performed  the  dock 
method.)    Since  they  were  not  dispatched  to  the  equipment,  Blocks  7,  9,  17 
and  18  are  loft  blank.    You  left  your  workcenter  to  report  to  their  workcenter 
(Blocks  2)  to  io  work,  so  yoa  had  to  be  dispatched  (see  figure  6,  Blocks  7,  9 
17  and  18).    It  is  their  (the  dock/crew  chiefs)  responsibility  to  see  the 
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inspection  was  completed,  so  they  take  a  "1"  in  column  'G'  (units), 
while  you  take  M0";  but  you  have  all  the  hours,  while  they  get  nothing. 
You  get  all  the  work  and  time,  while  they  get  all  the  credit.    It  is  just 
like  a  barracks  inspection.    You  do  all  the  cleaning,  while  the  Squadron 
Commander /or  first  Sgt  gets  all  the  credit,     (GOOD  or  BAD!)    Just  like 
preparing  the  barrack*  for  the  inspection,  it  takes  teamwork  on  everyone's 
part  to  get  the  job  done.    Remember,  you  can  fail  barracks  inspection 
and  repeat  it  later,  but  when  it  comes  to  aircraft  inspections,  there 
are  lives  on  the  line  and  there  is  no  second  chance.    Follow  your  TOs, 
they  are  your  guide  so  you  don't  forget  to  check  and  repair,    MThe  life 
you  save  may  be  mine!"    Don't  Forget! 

Review  Questions 

Answer  the  following  questions,  using  the  information  provided  on 
pages  10,  11,  and  12, 

1.      What  symbol  identifies  that  an  inspection  is  due'. 


2,      If  you  enter  a  discrepancy  on  the  AFTO  Form  781a,  that  was 
discovered  during  an  inspection,  would  you  use  the  red  dash  symbol? 


3,      What  AFTO  Form  identifies  the  maintenance  performed  on  the 
aircraft,  and  identifies  at  a  glance  the  condition  of  the  aircraft? 


4.      What  AFTO  Form  is  used  to  account  for  the  time  spent  performing 
the  inspection? 


5.      What  are  the  two  phases  to  each  inspection? 
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Answers  to  Review  Questions  on  Page  3, 

1.  in  numerical  order  t:  avoia  complications  in  controlling  and 
scheduling  the  required  maintenance* 

2.  the  applicable  -6  scheduled  inspection  and  maintenance  requirements 
and  Inspection  Workcard  (Wv-)  or  Checklists  (CL) . 

3.  the  maximum      wervai  between  accomplishment  of  such  requirements. 

Answers  to  Review  Questions  on  Page  4, 

1.  the  work  of  each  individual  to  be  planned  for  uninterrupted  job 
completion. 

2.  a  guide  in  preparing  the  actual  work  schedules. 

3.  minimum  inspection  requirements. 

4.  perf coining  required  inspection  and  repairs  on  a  scheduled  and  planned 
basis • 

Answers  to  Review  Questions  on  Page  5. 

1.  When  maintenance  and  operational  requirements  say  that  the  inspection 
and  maintenance  requirements  must  be  performed  at  the  aircraft  location. 

2.  When  the  aircraft  is  to  be  moved  to  a  fixed  station  or  site. 

Answers  to  Review  Questions  Page  9. 

1.  a.  Periodic 

b.  Phased 

c.  Isochronal 

d.  Programmed  Depot  Maintenance 

2.  The  first  flight  of  the  T.ying  period. 

3.  It  will  be  periormed  immediately  prior  to  takeoff  at  a  designated 
location,  usually  near  the  end  of  the  runway. 

4.  Thruf light  (TH)  inspection. 

5.  After  the  last  flight  of  the  flying  period,  and  only  when  the  aircraft 
is  released  by  operations. 

6.  Because  the  BPO  is  a  i*ore  thorough  inspection  than  the  PR,  and  it  (BPO) 
gives  the  specialists  more  time  to  repair  discrepancies  that  are  found 
before  the  next  flying  period  begins.     (The  PR  insures  the  discrepancies 
have  been  repaired  and  no  otner  malfunctions  exist.) 
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7.  Upon  a  specified  number  of  flying  hours. 

8.  Hourl/  Postflight  inspection, 

9.  BPO,  Basic  Postflight  inspection. 

10.  The  ISO  translates  flying  hours  (PH/PE)  into  calendar  periods, 
regardless  of  how  many  hours  the  aircraft  has  actually  flown. 

iJ.  Preflight,  End  of  Runway,  Thruf light,  Basic  Postflight  inspections. 

12.  Hourly  Postflight,  Periodic,  Phased  inspections. 

13.  Home  Station  Check,  Minor,  and  Major  inspections. 

Answers  to  Review  Question^  on  Page  12. 

1.  The  red  dash. 

2.  No.     Enter  the  appropriate  symbol  fi,i  thai'  particular  discrepancy. 

3.  781^ 

4.  349 

5 .  Look/fix 


453 


1 


card  no 

WORK  AftCltS) 

TtPl  MCCH  RQR 

MCCH  NO        CARD  TIME 

2-002 

15 

APG/AECS 

i  4:37 

MAN 
MINUTCS 


060 


060 


005 


045 

090 
002 

015 


1* 

n 


2-002 


55 


15 

15 

15 
15 
15 


15 


15 


WORK  UNIT  CODE 
FOR  DISCREPANCY 


SYS 


PR 

PR 

PR 
PR 
11 


11 

23 
47 

47 


SUB-SIS 
AND  COMI 


EP 

EP 

EP 
EP 
811 


118 


115 


2ND  PERIODIC  (PREDOCK) 


PUBLICATION  NUMfjrt,   ANO  LAll 

-1T-38A-6WC-JL  1  MAY  82 


.INSPECTION 
REQUIREMENT* 


fLCC  rOWfR 


OFF 


CHANGE  RECORD 


SCRVK  r 


2-002 


WORK  ARCA(S) 

15 


Remove  fuselage  aft  section  In  accordance  with  TO  1T-38A-2-2 
(as  required) . 

Clean  engine  bays  in  accordance  with  TO  1T-38A-3  (if  engines 
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test  ports.    Test  using  tester  31TA2655-2)  in  all  lever 
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security.    Oxygen  diluter  lever  100X  oxygen.    Oxygen  regulator 
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Aircraft  Environmental  Systems  Branch  Sfrvtcf  tpct 

Chanute  AFB,  Illinois  CSABw'SSS-SS 

MAINTENANCE  SYSTEM 

OBJECTIVE 

State  general  principles  of  the  maintenance  system  by  answering  a 
ninimum  of  8  of  10  questions  correctly. 

INTRODUCTION 

A  good  Air  Force  does  not  just  happen  by  accident.    It  is  the  result  of 
a  lot  of  people  working  together  for  a  common  goal.    In  this  programed 
text,  we  will  discuss  some  of  these  people  and  what  their  jobs  ar  -bout. 
The  people  we  are  most  concerned  about,  because  we  are  mechanic!       e  those 
who  work  in  the  areas  of  maintenance.    The  two  main  goals  in  the  areas  of 
maintenance  should  be  as  follows: 

•  Keep  Air  Force  equipment  serviceable. 

•  Keep  it  safe  to  use. 


Now,  let  us  begin  cur  adventure  into  the  "MAINTENANCE  SYSTEM." 


The  Maintenance  System  is  broken  down  into  four  areas.  They 
follows: 

Levels  of  Maintenance 

Maintenance  Squadrons 

Types  of  Maintenance 

Maintenance  Symbols  and  TA  eir  Use 

We  will  begin  our  studies  with  the  Levels  of  Maintenance, 


OPR:  3370  TCHTG 
7  XSTRIBUTION:  X 

3370  TCHTG/TTGU-P  -  250;  DAV  -  1 


461 


FRAME  1 


LEVEIS  OF  MAINTENANCE 

Organizational  Maintenance 

Organizational  Maintenance  is  limited  in  scope.    This  level  of  maintenance 
includes  routine  inspections,  replacement  of  some  components,  minor  structural 
repairs,  and  servicing  with  fuel,  oil,  etc.    Organizational  Maintenance  may 
also  do  technical  order  modification  that  can  be  done  with  the  facilities  that 
are  at  the  organizational  level. 

It  is  of  the  utmost  importance  that  technicians  at  the  organizational 
level  discover  any  of  the  indications  of  equipment  failure  soon  enough  to 
prevent  a  major  component  failure.    Failure  to  discover  these  indications 
would  result  in  an  increase  in  th    workload  of  the  other  levels  of  maintenance. 
This  may  result  in  a  disruption  of  the  maintenance  schedules,  not  to  mention 
an  in-flight  failure  with  the  possibility  of  a  loss  of  life  and/or  equipment. 

////////////////////////////// 

NO  RESPONSE  REQUIRED 


Notes: 
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FRAME  2 


Intermediate  Maintenance 

Closely  supporting  the  organizational  level  of  maintenance  Is  the 
Intermediate  Level  of  Maintenance.    Personnel  In  the  Field  Maintenance 
activity,  usually  a  field  maintenance  squadron  (FMS),  performs  maintenance 
at  the  intermediate  level.    The  FMS  usually  has  a  high  concentration  of 
skilled  specialists  and  has  the  most  costly  equipment  in  the  maintenance 
organization.    You  will  find  such  shops  as  engines,  fuel  systems, 
electrical,  pneudraulics,  and  environmental  systems,  just  to  name  a  few, 
at  this  level.    The  actual  number  will  depend  on  the  size  of  the  organization 
and  the  mission,  in  other  words — NEED!    If  the  DCM  decides  that  there  is  a 
need  for  a  shop,  then  the  organization  will  make  the  necessary  provisions 
for  it. 


The  support  that  is  provided  by  this  level  of  malntenauce  consists  of 
furnisning  specialist  assistance  at  organizational  line  maintenance,  doing 
bench  checks  of  equipment,  and  maintenance  repair  that  is  beyond  the  capacity 
of  the  organizational  unit.    When  the  capabilities  of  the  maintenance  activity 
at  the  intermediate  level  are  exceeded,  the  problem  becomes  a  matter  for  depot 
level  maintenance. 

////////////////////////////// 

NO  RESPONSE  REQUIRED 


Notes: 


463 


FRAME  3 


Depot  Maintenance 

This  is  the  highest  level  of  maintenance  and  requires  extensive  equipment 
to  do  major  repair  and  overhaul.    The  chief  function  of  the  depot  is  the 
performance  of  MAJOR  modifications  on  the  aircraft  and  all  of  the  aircraft 
components.    All  systems  are  "inspected  and  repaired  as  necessary.11  Depots 
also  supply  the  spare  parts  for  Aerospace  Ground  Equipment  (AGE),  as  well 
as  Technical  Order  Compliance  Kits  (TOC)  to  the  Organizational  and  Field 
Maintenance  units  through  the  normal  supply  channels. 

Depot  Maintenance  is  usually  done  at  specifically  designated  bases  in 
the  United  States  and  in  some  overseas  areas. 

////////////////////////////// 

NO  RESPONSE  REQUIRED 


Notes: 
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Review  Questions 


Directions: 

Using  information  from  Frames  1,  2,  and  3,  fill  in  the  blanks  with 
the  correct  answers. 

SET  1 

1.      What  are  the  three  levels  of  maintenance? 
a. 

b.  

c. 


2.      The  level  of  maintenance  that  is  limited  in  scope  is  the 
level  of  maintenance. 


3.  ..ho  has  the  responsibility  to  discover  indications  of  equipment  failure, 
to  prevent  a  major  component  failure? 

4.  The  shops  you  will  find  in  the  Intermediate  level  of  maintenance  are 

a.  

b.  

c. 

d. 


e. 


b.      The  highest  level  of  maintenance  is  the   level  of 

ma  intenance . 
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MAINTENANCE  SQUADRONS 

AFR  66-1  anr^  "  "  '6-5 

Now  let  us  take  a  look  at  the  unu.        r        the  actual  maintenance  on 
the  flightline.    These  consist  of  the  following,  for  AFR  66-1: 

•  cganizational  Maintenance  Squadron  (OMS) 

•  Field  Maintenance  Squadron  (FMS) 

•  Munitions  Squadron  (MS) 

•  Avionics  Maintenance  Squadron  (AMS) 

If  your  next  base  is  under  -he  A*I      ^5  co^ept,  the  maintenance  squadrons 
are  as  follow?;  n 

•  Aircraft  Generation  Squadron  (AGS) 

•  Component  Repair  Squadron  (CRS) 

•  Equipment  Maintenance  Squadron  (EMS) 

The  ones  that  we  will  discuss  in  this  PT  are  the  ones  that  you  may  be 
assignt  .  to. 

FRAME  4 

Organizational  Maintenance  Squadron  (OMS) 

The  OMS  has  physical  charge  of  the  assigned  aircraft.    Each  aircraft  is, 
in  turn,  assigned  to  an  individual  who  is  called  a  "Crew  Hiief."    They  are 
in  charge  of  the  aircraft,  the  aircraft  forms,  as  well  as  any  of  the 
maintenance  personnel  assigned  to  \  .rk  on  the  a^rciaft.    Actually,  we  could 
say  that  the  whole  maintenance  comi  ox  is  organized  to  support  the  OMS. 

The  OMS  itself  may  be  further  divided  into  the  foli owing  sections  or 
branches • 

Alert  Force 

Base  Flight  rind  Transient 
Flightline 
Inspections 
Support  equipment 

/////////  1111/111111,1111111 

NO  RESPONSE  REQUIRED 


ERIC 


7 

466 


FRAME  5 

Field  Maintenance  Squadron  (FMS) 

TV-  FMS  provides  maintenance  and  the  assistance  of  specialists  to  the 
u  61     fn^nanc«  functions.    FMS  does  intermediate  level  maintenance  with* 
the  capability  of  the  assigned  specialties,  their  equipment,  and  their 
rac-aities.    FMS  may  also  be  authorized  to  do  so  by  the  DCM. 

FMS  is  usually  the  largest  squadron  in  the  maintenance  organization. 
It  also  uses  the  most  man-hours.    Thererore,  the  way  the  people  and  the 
equipment  are  used  by  FMS  will  have  a  great  effect  on  the  maintenance 
capability  of  the  wing. 

FMS  usually  consists  of  the  following  branches: 

•  Fabrication 

•  Propulsion  (Jet  Engine  Maintenance  Shop) 

•  Aerospace  Systems  -Environmental,  Pneudrauli^,  Electrical,  etc) 

•  Aerospace  Ground  Equipment  (AGE) 

/////'//////////////////////// 
NC  RESPONSE  REQUIRED 

Review  Questions: 
Directions: 

Using  the  information  in  Frames  4  and  5,  fill  in  the  blanks  with  the 
correct  answer. 

SET  2 

1.  The  OMS  has  physical  charge  of  the  assigned  aircraft.    Fach  aircraft  is 
in  turn,  assigned  to  an  individual  called  a  " 

2.  The  abbreviation  FMS  identifies  F 

M  S  . 

3.  FMS  is  responsible  primarily  for  which  of  the  three  levels  of 
maintenance?  

4.  FMS     -j  ides   L.c  OMS. 

5.  The  Inspection  Branch  is  a  part  cf  which  squadron? 


OMS  and  FMS  are  under  the  concept  of  what  Air  Force  regulation? 
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FRAME  6 

Equipment  Maintenance  Squadron  (EMS) 

The  EMS  is  responsible  for  the  maintenance  of 
AGE 

Munitions 

Of f -equipment  aircraft  components 
Extensive  on-equipment  maintenance  of  aircraft 
Explosive  Ordnance  Disposal  Service 

FRAME  7 

Component  Repair  Squadron  (CRS) 

The  CRS  primarily  does  off-equipment  repair  of  aircraft  and  support 
equipment  repair  of  aircraft  and  support  equipment  components,  maintenance 
beyond  the  capability  of  the  Aircraft  Generation  Squadron  and  the  EMS, 
fabi .cation  of  parts,  maintenance  and  operation  of  aircraft  training  devices, 
and  repair  and  calibration  of  precision  measurement  equipment  (PME),  The 
squadron  is  functionally  divided  into  these  branches: 

Accessory  Maintenance 

Propulsion 

Conventional  Avionics 
Integrated  Avionics 
Aircrew  training  devices 

Type  II  Precision  Measurement  Equipment  Laboratory  (PMEL) 

FRAME  8 

Ai  "craft  Generation  Squadron  (AGS) 

People  assigned  to  the  AG~  perform  the  on-equiiy  £Ut  maintenance  of  the 
as^.gned  aircraft.  The  AGS  organiratir  provides  for  basic  standardization 
and  MAJCOM  options  to  satisfy  unique  requirements. 


468 


Review  Questions: 


SET  3 


Directions: 

Answer  the  following  questions  either  True  (T)  or  False  (F)  using  the 
information  in  frames  6,  /,  and  8. 

1.  EMS  i    responsible  for  the  maintenance  of  Aerospace  Ground  Equipment. 

2.  CRS  squadron  performs  on-equipment  maintenance  of  assigned  aircraft. 

3.  AGS  is  the  abbreviation  for  Air  National  Guard  Service.   

4.  RMS  disposes  of  explosives.   


TYPBS  OF  MAINTENANCE 


There  are  two  basic  types  of  maintenance  performed  in  the  various 
.squadrons.    They  are 

Unscheduled  maintenance,  which  may  be  done  in  the  form  of  an  inspection 
or  maintenance  that  is  performed  in  between  scheduled  inspections.  These 
types  of  maintenance  are  things  that  happen  that  cannot  be  planned  into  the 
maintenance  schedule.    These  types  of  maintenance  usually  have  a  higher 
priority  (job  importance)  than  the  next  type  of  maintenance,  which  is 
scheduled  maintenance. 

Scheduled  maintenance  usually  is  done  in  tha  form  of  an  inspection 
which  will  be  covered  in  depth  in  a  later  lesson.    This  type  of  maintenance 
is  planned  into  the  de.ys,  months  work  schedule. 
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MAINTENANCE  SYMBOLS  AND  THEIR  USE 


The  symbols  we  will  discuss  in  this  section  are  used  on  some  maintenance 
torms  co  make  important  notations  instantly  apparent.    These  serve  two 
purposes: 

•  To  identify  the  condition  of  the  equipment. 

»       To  form  the  basis  of  a  standard  system  for  telling  at  a  glance  the 
seriousness  of  the  discrepancy  noted  next  to  the  symbol. 

The  symbols,  in  order  of  seriousness,  are 

•  Red  X 

•  Circled  Red  X 

•  Red  Dash 

•  Red  Diagonal. 

All  symbols  WILL  BE  ENTERED  IN  RED  PENCIL. 

Remove  Figure  1,  located  on  the  back  of  this  PT,  as  we  discuss  these 
maintenance  symbols. 

FRAME  9 
Red  X 

The  red  X  Jndicat'js  that  the  eqoipment  unit  is  considered  unsafe  or 
unfit  for  use,  and  the  equipment  will  not  be  usel  or  flown  until  the 
unsatisfactory  condition  is  corrected.    NO  ONE  can  authorize  an  aircraft 
to  be  flown  or  the  equipment  to  be  used  until  the  unsatisfactory  condition 
is  corrected. 

The  red  X  symbol  will  be  entered  in  the  appropriate  location  of  ^he 
applicable  maintenance  form  IMMEDIATELY  upon  discovery  of  the  couc  cion. 


Note?: 
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„TT,  Jhe  rePairs  made  or  work  done  to  correct  the  condition  of  the  equipment 
wiLu  be  inspected  only  by  maintenance  personnel  who  are  delegated  such 
authority  to  clear  the  red  X  symbol  as  directed  by  the  DCM. 

////////////////////////////// 
NO  RESPONSE  REQUIRED 


Circled  Red  X 


FRAME  10 


A  red  X  inside  a  red  circle  will  be  used  to  show  that  the  equipment  is 
grounded  or  restricted  from  peacetime  operation,  pending  compliance  with  an 
Urgent  Action  Time  Compliance  Technical  Order  (TCTO) .  The  only  time  that  a 
circled  red  X  symbol  will  be  used  is  when  the  urgent  Action  TCTO  has  expired 

The  same  rules  apply  for  clearing  the  circled  red  X  as  for  the  red  X. 

////////////////////////////// 
NO  RESPONSE  REQUIRED 


Red  Dash 


FRAME  11 


The  red  dash  shows  that  a  r  -juired  inspection  is  duo.    The  red  dash  can 
also  show  that  an  inspection  is  overdue  and  time  will  not  let  you  do  the 
inspection  before  f    ght.    This  symbol  shows  that  the  condition  of  the 
aquipment  is  UNKNOWN  and  that  a  more  serious  -.ondition  MAY  exist.  This 
condition  will  be  corrected  as  soon  as  possible  by  doing  the  required 
inspection  and  completing  the  necessary  maintenance. 


////////////////////////////// 
NO  RESPONSE  REQUIRED 


Red  Diagonal 


FRAME  12 


The  diagonal  shows  that  an  unsatisfactory  condition  OOES  exisc  on  an 
aircraft  or  piece  of  equipment  but  is  not  so  urgent  or  dangerous  to  warrant 
the  grounding  of  the  aircraft  or  the  equipment.     The  red  dJagonal  wUl  be 
a  straight  line  from  the  lower  left  to  the  upper  right  of  the  symbol  block. 


////////////////////////////// 
NO  RESPONSE  "J2QUIRED 


Notes: 


,4,72 


FRAML  13 

Clearing  Red  Symbol  Entries  (Remove  Figure  2) 


The  last-name  initial  in  BLACK  entered  over  the  symbol  in  the  symboJ 
block  shows  that  the  person  whose  name  is  in  the  signature  block  related  to 
that  discrepancy  has  done  the  required  work,  or  inspected  the  fuiipment,  and 
has  found  that  all  things  are  satisfactory  and  is  assuming  the  responsibility 
that  it  is  OK  to  fly  or  use  the  equipment. 


////////////////////////////// 
NO  RESPONSE  REQUIRED 

FRAME  14 

Changing  Red  Symbol  Entries 

v  .r™00"  *  Red  symbo1  1x88  been  placed  on  a  maintenance  form,  the  symbol  will 
htlVER  BE  ERASED,  eve-  if  entered  in  error  J    Entry  of  a  red  X,  circled  red  X, 
red  diagonal,  or  red    ash  on  any  maintenance  form  shows  the  individual's 
opinion  as  to  the  seriousness  of  the  defect     Therefore,  NO  INDIVIDUAL  is  to 
be  directed  to  change  a  symbol  which  they  have  entered. 

If  an  individual  of  higher  authority  within  the  maintenance  or  repair 
activity  believes  that  the  condition  is  more  serious  than  shown  by  the  symbol, 
THEY  WILL  change  the  symbol  themselves.    They  will  do  this  by  drawing  a  line 
through  the  name  of  the  individual  who  made  the  entry  and  enter  their  signature 
and  grade  in  parentheses  above  or  beside  the  signature  block.    See  figure  2. 

If  supervisory  personnel  think  that  the  condition  is  less  serious  than 
shown  by  the  symbol,  this  will  be  brought  to  the  attention  of  the  DCM, 
equivalent  contractor  representative,  maintenance  9-level  noncommissioned 
officer,  civilian  equivalent  that  has  been  authorized  by  the  DCM  to  downgrade 
the  symbol.    Individuals  who  make  the  decision  will  indicate  their  action  by 
a  notation  in  the  CORRECTIVE  ACTION  block  for  the  defect  and  will  read  as 
follows:      Symbol  downgraded  from  Erd  X  (or  Circled  Red  X)  to  a  Red  Diagonal 
(or  Red  Dash,  whichever  is  applicable) .    Discrepancy  reente- >d  on  page  aumber 

  item  number   ."    When  a  symbol  is  cleared  in  this   .anner,  no  one 

need  sign  the  INSPECTED  BY  block.     The  same  discrepancy,  the  new  symbol,  rnd 
the  PRINTED  first  initial,  la*t  name  and  grade  of  the  person  who  found  the 
discrepancy  will  be  reentered  ir  the  applicable  block  and  will  be  followed 
by  an  entry  to  read  "Symbol  changed  from  Red  X  (or  Circled  Red  X)  to  a  Red 
Diagonal  (or  Red  Dash),  date,  employee's  name,  grade,  and  organization." 
This  entry  will  remain  with  the  discrepancy  until  it  is  corrected. 

////////////////////////////// 
NO  RESPONSE  REQUIRED 

Notes: 
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Review  Questions 
Directions: 

Using  the  information  in  Frames  9  through  14,  match  the  symbol  to  its 
description/use.    The  answers  may  be  used  once,  more  than  once,  or  none 
at  all. 


SYMBOLS 

1. 

Red  X 

2. 

Circled  Red  X 

3. 

Red  Dash 

4. 

Red  Diagonal 

SE"1  A 

DESCRIPTION/USE 

a.      The  most  serious  discrepancy. 

d.  Identifies  that  an  Urgent  Action 
TCTO  has  begun  or  time  limit  has 
expired. 


c. 
d. 

e. 

f. 


Identifies  that  an  inspection  is  due. 

Identifies  that  an  unsatisfactory 
condition  MAY  exist. 

Identifies  that  an  unsatisfactory 
condition  DOES  exist. 

You  discover  the  Air  Conditioning 
Heat  Exchanger  has  a  hole  in  it. 
What  symbol  will  be  entered  in  the 
forms? 


Answers  to  Review  Questions 


SET 

1 

SET  2 

SET  3 

SET  4 

l.a. 

Organizational 

1. 

Crew  Chief 

1.  T 

1.  a 

b. 

Intermediate 

c. 

Depot 

2. 

Field  Maintenance 

2.  F 

2.  b 

Squadron 

2. 

Organizational 

3.  F 

3.  b 

3. 

Intermediate 

Organizational 

4.  T 

4.  c 

4. 

Specialists 

A. a. 

Engines 

5.  c 

b. 

Fuel 

5. 

Organizational 

c. 

Electrical 

MaJ  ntenance 

6.  d 

d. 

Pneudraulics 

e. 

Environmental 

6. 

AFR  6'-l 

7.  a 

5. 

Depot 
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15 


DATE  FROM 

15/12  /3 


TO 

CHEW  CHIEF 

OftGN 

LOCATION 

MDS 

SERIAL  NO 

/ 

/ 

E.  D.  Huls 

3372  S/S 

Chanute 

T-38A 

600557 

OATE  DllCD 

15/  12/3 


joe 


woe 
B 


NO 


JCH 

3490006 


TAG  NO 


DISCREPANCY 

OXYGEN  REGULATOR  FACE 


PLATE  CRACKED. 


DISCOVERED  BY  I  GRADE 


GRADE 

SSGT. 


|  DATE  Du 

15/  12/3 


woe 
B 


DOC.  NO 


iCN 

3490006 


EMPLOYEE  NO 

J9999 


TAG  NO. 


DISCREPANCY 

OXYGEN  REGULATOR  FACE 


CORRECTIVE  ACTION 

PLATE  CRACKED,     (contact:    PCM,  Equilvant}  "SYMBOL  DOWNGPACED  FROM  RED  X.  TO  RED 


Contractor  Rep.,  Maintenance  9-level  NCO 


or  Civilian  Equivalent,  that  is  author- 


ized by  DCM.) 

DISCO VI RtO  BY 

I).  JlJM  S 


CF  TO  ?8U  DATED 

p.|// 


TRANSFERRED  TO 
7«1K  OATE 

/  / 


TRANSFERRED  BY 


DATE  CORRECTED 

15/12      /  3 


GRADE      |  EMPLOYE*  NO 


CORRECTIVE  ACTION 

"SYMBOL  ENTERED  IN  ERROR,  DISCREPANCY 


AND  CORRECT  SYMBOL  REENTERED  BELOW." 


C OBJECTED  BY  jj 


INSPECTEO  BY 


CF  TO  781 
P  I 


DATED 


TRANSf ERRED  TO 
7I1K  DATE 

/  / 


TRANSFERRED  BY 


GRADE        EMPLOY  U  HO 

TSGT.  !  S8888 


GRADE        EMPLOYEE  NO 


DATE  CORRECTED 

15  /  12 


6BA0E 


EMPLOYEE  NO 


DIAGONAL.    DISCREPANCY  REENTERED  IN 


DOC  NO 


DATE  DllCD 

15/  12/1 


woe 

B 


CRADI 

ssisi. 


ICN 

3490006 


IMPlOYtf  NO 


BLOCK       Oi   i'AGn  2." 

COBRECTtD^BY 


INSPICMD  BY 


TAi  NO. 


DISCREPANCY 

OXYCEN  REGULATOR  FACE 


PLATE  CRACKED.    "SYMBOL  CHANGED  FORM 


RED  X,  TO  A  RED  DIAGONAL. 


15  DEC.  83     ^fibtSii  ScjLaUltjCOl. 

 *  


3370  TCHTG/TTGUP." 


DISCOVEREO  BY 

D.  JONES 


SYM 


OATE  DISCO 
/  / 


WDC 


DOC  NO 


GRADE 

SSGT. 


iCN 


EMPLOYEE  ND. 
J9999 


TAG  NO. 


Cr  TO  7B1A 
P  I 


DATED 


i/  / 


TRANSFERRED  TO 
7I1K  DATE 

/  / 


TRANSFERRED  BY 


CAAOl 

VIA  . 

OR  At)  I 


EMPLOY! f  NO 

S7777 

IMPKlYM  NO 


DAM  COflRICriP 
/ 


GRADE 


EMPLOYEE  NO 


:3 


CORRECTIVE  ACTION 


CORRECTED  BY 


INSPECTED  BY 


DISCREPANCY 


DISCOVERED  BY 


GRADE  |  EMPLOYEE  NO. 


47E- 


cr  to  7ii« 
p  i 


DATED 

U-L 


TRANSFERRED  TO 
7S1K  DATE 

/  / 


TRANSFERRED  BY 


GRADE  EMPl^-Z 


6RA0E 


EMPLOY  Ec  NO 


DATE  CORRECTED 
/ 


GRAOE 


EMPLOYEE  NO 


CORRECTIVE  ACTION 


CORRECTED  BY 


INSPECTEO  BY 


GRADE 


gra: 


ERJC    AFT°        7®1A       MAINTENANCE  DISCREPANCY  AND  WORK  DOCUMENT  m"^*™^, 

Figure  2.    (Sanple)  Maintenance  Discrepancy  and  Work  Document. 


UATI  f  ROM 

TO                 1  CR'W  CNlif 

ORGN 

LOCATION 

MDS 

SERIAL  NO 

U*  /  07  /  3 

/      /     J  u.O.  Muls 

3370TTt)l> 

Chanute 

T-38A 

600557 

UATI  DI'tCD 

/ 


/ 


win: 


K.N 


IH'if  RIPAMY 


(AG  NO 


the  red  X  symbol  indicnten  tlmt  the 
equipment  is  considered  unsafe,  or 
unf:t  for  use.    This  symbol  grounds 
the  equipment. 


DlSCOVEREO  BY 


GRAOt 


DOC  NO 


JCN 


EMPLOYEE  NO 


TAG  NO 


DISCREPANCY 


A -ret*  X  inside  a  red  circle  indicates 
that  an  Urgent  Action  Time  Compliance 
Technical  Order  is  in  process,  or  the 
time  I  iii. it  has  expired,     fhe  equipment 
will  i if 1 1  !><•  used,  and  the  symbol 
qround*;  I  Iw*  fqijiprncnt . 


OlSCOVERED  BY 


GRADE 


SYmV  DATE  OISCD  WOC 

LA.  J  J  


EMPLOYEE  NO 


\,    Id  /MIA  DATED 

p    .      I  /  / 

f  RANH  I  NRl  II  BY 


TRANSf f  RRFO  TO 
/MIX  UAH 

/  / 


OATf  CORRECTED 
/ 

URAUI  I 


I  Of If  NO 


"n»  nymhol  muni  he  ,n!i,,..,  IimI,  :„h| 
hr  irisper.or  w,M  rlwir  |hw  fiym|,n| 
>>y  pJ^am,  Lhe,r  Jmjl  m(w.  mj(  , 
aver  the  symbol.    When  thny  do  fh.r., 
they  wnl  nssume  responsibility  for 


the  work. 


CORRECTED  b< 


INSPECTED  BY 


CF  TO  781A 


DATED 


P      I        1    /  / 


TRANSFERRED  TO 
781K  DATE 


TRANSFERRED  BY 


GRADE 


EMPLOYEE  NO. 


DATE  CORRECi  o 

I 


GRADE        EMPLOYEE  NO 


CORRECTI 


"TiQN 


COPRICt 


This  symbol  must  be  inspected, 
and  the  inspector  will  clear  the 
symbol,  by  placing  their  last  name 
initial  over  the  symbol.  When 
they  do  Hum,  Ihity  ;ihjhjihh  ren- 
poru:ibi  I  ity  of  Urn  work. 


INSPECTED  BY 


GRADE 


IMHOYEE  NO 


00C.  NO 


JCN 


DISCREPANCY 


TAG  NO 


The  red  diagonal  indicates  that  an 
unsatisfactory  condition  DOES  exist, 
but  is  not  serious  enough  to  ground 
the  equipment. 


CF  TO  7S1A 


1/ 


DATED 
/ 


TRANSFERRED  TO 
7S1K  DATE 


DATE  COR.  ECTED 

/ 


/ 


CO 


DISCMVIRIU  IIV 


SVM 


9 
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DATE  DISCO 

/  / 


WDC 


OOC  NO 


GHADI 


JCN 


DISCREPANCY 


EMPLOYEE  NO 


TAG  NO 


The  red  dash  indicates  that  an  inspection 
is  due,  and  will  'je  con^ieted  as  soon  as 
po&s.hle.    This  symbol  does  not  ground 
Iht*  fe3i|ui|i|iiaiit .  it  r'Mlm*  Ihdl  r*n  untml- 
iqfniliM\  rptttfM  Ion  MA\  pmm|, 


DISCOVERED  BY 


GRADE 


EMPtOYEE  NO 


TRANSFERRED  RY  _  I  '  f  MPLOYEC  NO 

This  symbol  does  not  need  to  be 
inspected,  but  the  signature  in  «-he 
Corrected  By  block  will  place  their 
last  name  initial  over  the  symbol, 
and  assumes  the  responsibility 
of  the  discrepancy. 


CORRECTED  IV 


INSPICtlD  BY 


CF  TO  781A  DATED 


/ 


TRANSFERRED  TO 
7B1K  DATE 

/  / 


GRADE 


GRAfji 


EMPLOYEE  NO 


fMPIOYtf  Nn 


DATE  CORRECTED 

/  / 

I  GRADE      I  (MP10YFF  NO 


COR 


COP 


This  symbol  doer  not  need  fo  hp 
inspected,  but  trie  signature  in 
the  Corrected  By  block  enters 

their  last  name  initial  over 
the  symbol,  and  assumes  the 
responsibility  that  the  inspection 
hn?i  Ihmjm  completed. 


INSPfCTIO  §y 


GRADE 


[MflOYEf  NO 


MAINTENANCE  DISCREPANCY  AND  WORK  DOCUMENT 

Figur«  1.   Maintananca  Discrepancy  and  Work  Document. 
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AND  CONTROLLING  MATERIAL 
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OBJECTIVES 


1.  Identify  facts  relating  to  Maintenance  Data  Collection  by  answering  a  minimum 
of  four  of  five  questions  correctly. 

2.  Identify  facts  for  processing  and  controlling  material  with  100%  accuracy. 

3"     Soen^nnarIaioye  problem  and  applicable  TOs,  correctly  complete  AFTO  forms 
349,  350  and  781A.     This  will  be  done  with  a  maximum  of  2  instructor  assists 
per  form. 


INTRODUCTION 


Have  ycu  ever  really  tried  to  keep  up  with  the  maintenance  that  is  done  on 
your  car?    Unless  you  are  the  type  that  performs  hiaiher  own  maintenance  and 
inspections,  and  keeps  accurate  records,  it  can  get  confusing.    You  take  your 
car  to  one  place,  and  they  complete  forms,  telling  you  what  they've  done  to  it; 
then  you  take  it  to  another  place  and  they  fill  out  their  forms  vMch  are  different, 
and  before  you  know  it  you  are  so  confused  as  what  is  done  and  still  needs  to  be 
dcae  that  you  are  pulling  your  hair  out  by  the  roots m    Every  place  yon  take  vo-  - 
car  for  the  different  "specialists"  to  perform  their  maintenance,  there  is  a 
aitterent  form,  with  sometimes  very  confusing  but  important  information. 

Some  maintenance  can  be  scheduled.     For  example,  oil  changes,  oil  filters 
air  filter,  spark  plugs,  wheel  allignments,  etc. can  be  scheduled  in  advance. 
These  are  things  that  you  may  work  into  your  budget  to  get  them  done.  Sometimes 
things  happen  by  surprise,  like  transmission  failure  an-i  engine  nroglems.  These 
things  you  can  t  plan  on  and  are  unscheduled  maintenance. 

Sometimes  even  when  we  do  our  own  maintenance,  unless  we  keep  a  record  of 
what  and  when  the  maintenance  was  done,  we  can  have  a  difficult  time  remembering 
when  certain  things  are  due  again. 

As  you  know,  you  will  be  performing  scheduled  and  unscheduled  maintenance 
on  aircraft.    Along  with  this  maintenance  you  will  have  to  maintain  maintenance 
and  historical  records  on  all  maintenance  that  is  performed.    Just  like  every  place 
you  take  your  car  for  maintenance,  they  have  a  particular  form  and  wsrv  of  filling 
out  that  form,  so  does  the  Air  Force.    This  is  called  the  Maintenance'  Data 
Collection  System. 

These  forms  are  numbered,  such  as  AFTO  Form  349,  AFTO  Form  350,  and  AFTO  Form 
781A.    The  abbreviation  AFTO  identifies  this  form  as  an  Air  Force  form  and  has 
a  Technical  Order  written  in  order  to  complete  the  form  properly. 

We  will  learn  in  this  lesson  how  to  use  these  TOs    and  when  to  which  TO  for 
what  AFTO  Form.    We  will  also  learn  the  AFTO  form  that  is  used  to  process  and 
control  material  (parts)  for  repair  or  to  be  condemned  and  returned  to  Depot. 

Before  we  bec^-,  be  sure  to  read  and  follow  this  PT  very  carefully.  Should 
any  problems  aris^  ,  ask  the  instructor  for  help/assistance. 


OPR:  3370  TCHTG 
DISTRIBUTION:  X 
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MAINTENANCE  DATA  COLLECTION 


Located  in  the  classroom  you'll  find  a  bookcase  with  a  group  of  bla  :k  books 
with  white  labels  facing  you.     Get  the  book  that  has  the  rumbers  00-20-  THRU 
00-20-5  on  the  label  and  bring  it  back  to  your  desk. 

Open  the  book  cover  and  on  the  right  you'll  find  what  is  called  the  "TITLE 
PAGE."    All  TOs  have  a  Title  Page  which  gives  us  five  important  bits  of  information 
pertaining  to  the  TO: 

1.  TO  Number 

2.  TO  Title 

3.  Distribution  Statement 

4.  Publishing  Statement 

5.  Date  the  TO  was  published  with  the  date  of  the  change,  if  any. 

In  order  for  you  to  learn  the  Maintenance  Data  Collection  (MDC)  Svstem,  you 
must  knoi.  hov7  to  use  TOs.     So  before  we  begin  our  lesson,  we  will  learn  how  to  use 
this  set  of  TOs  arc  what  is  in  this  set  of  TOS  that  all  TOs  have  in  common. 

Frame  1 

Title  Page 

TO  Number;    The  TO  number  is  written  in  the  upper  right  corner  of  the  title 
page  and  in  the  upper  left /right  corners  of  the  pages  thereafter.     (This  binder 
contains  four  different  00-20  TOs.    So  if  you  ever  have  difficulty  finding  the 
information  we  are  talking  about,  the  first  thing  you  should  do  is  check  the  number 
in  the  upper  left/right  corner  of  the  page.)    In  this  case,  we  arc  in  TO  00-20-1. 
Each  TO  number  is  divided  into  at  least  three  parts  and  each  part  is  separated  by 
a  dash.    Each  part  of  the  TO  number  identifies  what  the  TO  is  all  about. 


00. 


The  00  in  the  first  part  of  this  TO  number  identifies  methods  and  proce- 
dures . 


-20.    Tells  us  this  TO  pertains  to  the  MDC  system. 

-1.    Says  General  requirements  for  all  AFTO  Forms. 

If  we  take  this  TO  number  breakdown  and  put  it  together  we  would  have,  "The  methods 
and  procedures  for  the  MDC  system  that  is  applicable  to  ill  AFTO  Forms." 

TO  Title:    The  title  of  this  TO  is  "PREVENTIVE  MAINTENANCE  PROGRAM  GENERAL 
REQUIREMENTS  AND  PROCEDURES."    This  is  a  brief  statement  as  to  the  type  of  infor- 
mation that  is  found  inside  this  TO  and  is  located  in  the  top  center  of  the  Title 
Page. 

Distribution  Statement:    The  distribution  statement  tells  us  that  the  TO  is 
limited  to  US  Government  use,  and  if  we  would  like  to  order  a  copy  we  must  write  to 
Tinker  AFB,  Okx?homa.    The  distribution  statement  is  written  m  the  bottom  cente- 
the  title  page. 

Publishing  Statement;    The  publishir*  statement  says  who  authorized  this  TO  tc 
be  published.    The  Secretary  of  the  Air  Force  said  this  TO  will  be  published  which  is 
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t'u-%  aro  telling  you  on  paper  "hat  to  do.     Since  this  is  a  Technical  "Order," 
'*  d>  not  use  this  and  comply  witli  the  ordets  contained  in  this  and  all  TOs 

-'•«>  are  failing  to  obey  an  order  given  you  by  the  Secretary  of  the  Air  ^orce,  which 
••s  had  if  not  uorse  than  telling  your  supervisor  that  you  will  not  do  what  he  is 
'•  '  ■  "\?  vou  to  do.     "ALL  TOs  ARE  A  MILITARY  ORDER!" 

The  publishing  statement  is  written  in  the  bottom  center  of  the  Title  page. 

Hates:     If  you'll  look  in  the  bottom  right  corner,  you'll  see  two  dates.  The 
t,T  late  of  1  January  1979  is  the  date  this  TO  was  published.     Below  this  date  is 
•".•V     10  15  February  1983,  and  tells  us  since  1  January  1979  this  TO  has  had  1') 
'.  if.-. -s  and  change  10  was  put  in  effect  15  February  1983. 

''Os  usually  change  quire  a  bit.     The  information  may  not  be  clear  enough  to 
romp.-'  with  or  may  be  misleading  as  it  is  written.     Recause  the  Air  Force  wants  us 
to  use  these  and  all  TOs,  they  go  to  unending  limits  to  make  the  informal  ion  clear 
-,nd  precise.     Sometimes  they  feel  they  need  to  add  information  to  a  TO,  so  it  is 
>dded  for  our  benefit.     TOs  are  written  for  you.'     Use  them! 

!  ''VIF'''  •il'F.STIONS  KIR  FRAME  1 

I'sing  TO  00-20-1  Title  Page  and  the  information  you  have  just  read,  answer  the  follow- 
ng  nuostions  or  complete  the  statements. 

:.     10  00-20-1  covers  the  PREVENTIVE  MAINTENANCE  PROGRAM 

 AND  . 

Where  would  we  write  to  request  copies  of  this  TO? 
1.      .hat  date  was  this  10  published? 
.     ::cw  many  chances  has  rhis  TO  had  since  it  was  published? 
i.     This  TO  is  published  under  the  authority  oL  the  if  the 
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Frame  2 

[LISTS  OF  EFFECTIVE  PAGES)       Page  A. 


Turn  the  Title  Page  over.     In  the  lower  left  corner,  you'll  find  the  letter 

A,  ~ 
look 


*  —     —  j   "ft^     w  *  ^  *"  •         -i-it  J-^Wt  i       XCLL     LUI IICL  ,     y'JU     JL  J.     L  illU     L  lie     I C  L  L  C  r 

This  is  the  page  letter.  (Page  numbers  will  begin  later  in  this  TO.)  If  you'll 
>k  in  the  upper  left  corner  you'll  find,  inside  a  box,  [LISTS  OF  EFFECTIVE  PAGES|. 


If  you  read  through  this  page,  beginning  with  this  box,  you'll  fincTnext  to  this 
box  what  to  do  in  case  of  a  TO  change.     Beneath  this,  there  is  a  NOTE:    This  note 
tells  how  we  can  identify  a  changed  portion  of  a  page,  vhich  the  latest  charge  has 
effected.    Next  we  find  the  dates  that  each  change  was  published,  and  below  this, 
the  total  number  of  pages  in  this  TO  and  the  change  number  of  each  page,  if  any. 

Page  \  is  common  to  all  TOs,  and  is  located  on  the  back  of  the  title  page. 

REVIEW  OUESTIONS  Frame  2 

Using  the  Page  a  in  TO  00-20-1,  answer  the  following  questions: 

1,  Hov  can  you  identify  the  portion  of  the  text  affected  by  the  changes? 

2,  Change  R  was  put  into  effect  on  what  date? 

3,  What  did  change  1  do  to  page  4-15? 

A.    What  does  a  "0"  in  the  change  number  column  indicate? 

5.     Flow  many  pages  are  in  this  TO? 


Frame  3 

TaMe  of  Contents    Page  i 

Vow  look  at  page  i.    This  page  is  called  the  Table  of  Contents  and  is  a  ven- 
irportant  tool  in  finding  information  in  this  TO.    The  Table  of  contents  is  divided 
into  three  columns.     From  1 3ft  to  right  the  titles  of  the  three  columns  are: 

•  '  TITLE  PAGE 

Section:     This  tells    ,  what  section  of  the  TO  information  is  found.  Section 
one  pertains  to  GENERAL  information.     Section  II  pertains  to  ADMINISTRATIVE  REOUIRF- 
MENTS  FOR  MAINTENANCE  DOCUMENTS .    Notice  under  the  word  PAGE  how  the  first  number 
before  the  dash  changes  depending  on  what  section  of  the  TO  we  are  in. 

Ti_tle:     In  the  center  of  the  page  we  have  the  titles  of  information.  Under 
GENERAL ,  Section  I,  we  first  of  all  have  the  Purpose  of  this  TO  and  all  information 
that  is  of  general  nature.     In  section  II  we  will  find  information  pertaining  to  the 
administrative  requirements.    Whenever  I  hear  the  word  "administrative,"  I  think  of 
filing,  typing  and  things  that  a  secretary  would  do.    Well  section  II  pertains  to 
just  that  kind  of  information. 

Page:  In  column  three,  we  find  a  list  of  page  numbers.  You  already  know  that 
the  first  number,  before  the  dash,  is  the  section  number.  The  number  after  the  dash 
is  the  actual  page  number  or  the  order  of  information  in  which  it  is  found.  To  the 
left  of  the  title  we  have  another  set  of  numbers.  These  numbers  ara  paragranh  num- 
bers. If  we  were  looking  for  information  pertaining  to  contract  maintenance  oper- 
ations, we  would  find  the  title  in  section  one.  We  would  find  the  information  that 
we  are  looking  for  in  paragraph  1-7  on  page  1-2, 

As  we  continue  looking  through  the  Table  of  Contents,  you  will  notice  a  black 
vertical  line  next  to    page  number  ?-6.     Remember  what  this  stands  for?     If  not,  go 
back  to  page  A  in  the  TO  and  read  the  note  in  the  upper  center  part  of  the  page. 

In  section  IV  we  have  MAINTENANCE  INSPECTIONS  METHODS  AND  '  aOCEDURES  AND 
ACCESSORY  REPLACEMENT  AND  REUSE  REQUIREMENTS.     Turning  to  page  ii,  there  are  two 
m<->re  sections  -  V  and  VI. 

Also  included  in  the  Table  of  Contents  is  the  list  of  illustrations.     This  is 
used  vhen  you  want  to  see  a  picture  of,  in  this  case  AFTO  Forms,  what  the  TO  is 
describing.     On  page  iii,  we  find  the  list  of  tables,  which  has  problem  areas  that 
:  "  of  people  have  had,  so  a  table  was  written  for  these  particular  problem-,  and 
t<    do  in  case  you  should  have  the  same  problem  some  time  in  your  Air  Force 


ha 
o at  eer 


Always  use  the  Table  of  Contents  when  you  aie  looking  for  information  inside  a 
TO.     Tt  helps  you  to  find  the  information  much  faster  and  easier.     If  there  is 
something  inside  the  TO  that  you  don't  understand,  such  as  an  astrisk  or  some  kind 
cf  markings,  always  look  to  the  page  A  for  a  definition  of  these  markings.     If  the 
narking  isn't  listed  there,  it  mav  be  identified  in  tha  c-irst  paragraph  of  that 
section.     If  not,  ask  your  instructor  if  he/she  will    .dentifv  it  for  vou. 

REVTFW  nUESTIONS  -  Frame  3 

•'sin*  TO  00-20-1   (110-301),  answer  tin   frTrulnp  que- Kirns: 
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1.  What  AFM  tells  us  how  to  dispose  of  documents  for  aircraft  or  missiles  that 
are  Involved  In  accidents  or  incidents  which  result  in  damage  to  private 
property? 

2.  What  do  the  abbreviations  IAW/TO  identify? 

3.  What  is  the  title  of  TO  00-20-2-5 

4.  What  section  is  the  figure  of  the  AFTO  Form  26,  Aircraft  Inspection  Work 
faro  found  in? 

5      On  what  page  is  table  4-2  located? 


483 

7 


"T  TR?  TO  REVTEW  ■  MT'TTOWS  FOR  FRAM77^   1,   2  ,\  3, 

Mineral  Requirements  and  Procedures 

JE    iht-ma  City  U/'./MMDvr,  Tinker  AFB,  OK 

?   T^nuarv  1Q7Q 

i"fn.if'tarv  of  th«-   Mr  Force 


N:nt€«  vortical  line  in  the  outer  margins  of  the  page,) 

1    :  m  82 


v  1  1 1« vd  that  pae<: 
•Mu  Pae. 


.  i  ame 


. .     7\  4T0RDVICF  VITH/TEa:\T  OAL  ORDER 

.     On-equipment  maintenance  occumentation  for  intercontinental  ballistic  missiles 
r*r  I-:,  Pg  1-1 

Section  IV,  MAINTENANCE  INSPECTION  METHODS  AND  PROCEDURES  AND  ACCESSORY 

r"*>i.4rF"E\T  A\T!  REUSE  RFOt'T  REGENTS,     fie  .'»-!,  Pg  4-13 
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ro  00-20-2-2  Frame  4 

ON-EQUIPMENT  MAINTENANCE  DOCUMENTATION  FOR  AIRCRAFT;  AIR-LAUNCHED  MISSILES;  GROUND- 
LAUNCHED  MISSILES,  EXCEPT  ICBMs;  DRONES;  AND  RELATED  TRAINING  EQUIPMENT 

Turn  to  TO  00-20-2-2. 

Lets  begin  this  part  of  the  lesson  by  discussing  this  TO  number.  You 
probably  already  noticed  this  TO  number  has  four  parts.    Lets  find  out  what 
these  parts  identify. 

00  The  00  identifies  the  same  as  in  the  last  TO  number.     Methods  and 

procedures . 

-JU  The  20  still  identifies  the  same  thing,  MDC  System. 

~2     Flie  -2  identifies  a  particular  AFTO  Form(s),     In  this  case  the 
A^TO  Form  349 a  and  the  AFTO  Form  350,     (  ee  Table  of  Contents) 

-2  The  last  part  is  a  -2,  and  this  identifies  what  piece  of  equipment 
this  TO  applies  to.  You  can  tell  by  the  title,  this  TO  applies  to 
Aircraft . 

It  we  were  to  take  this  breakdown  and  put  it  all  together,  we  would  have: 

The  Methods  and  Procedures  for  the  MDC  system,  for  completing  AFTO 
Forms  349/350  when  working  on  the  aircraft. 

The  'Af  page,  and  the  Table  of  Contents  work  the  same  in  this  TO  as  in 
the  lasL  TO.     (00-20-1),  and  has  the  same  format  as  used  in  the  last  TO. 

Lets  proceed  to  the  next  TO. 

////////////////////////////////////////////////////////////////////////////////// 

NO  RESPONSE  REQUIRED 
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i()  Ov-iv-*-li\  Framo  5 

>  ^  r  ~LQlT  LPMLNT  MAINTENANCE  DOCUMENTATION  FOk  SHOPWORK,  CONVENTIONAL  MUNITIONS,  AND 
\'K  i  IS  ION  MEASUREMENT  EQUIPMENT 

In  this  TO  number  the  only  part   that  lias  changed   is  the  fourth  part  (-10). 

We  still  have  a  Methods  and  Procedural  TO,   (oo).     We  still  have  a  TO  that 
p. i tains  to  the  MDC  System,  (-20).     The  Third  Part  is  still  -2,   and  by  looking  at  the 
Tabli-  of  Contents,   this  TO  still  pertains  to  the  same  AFTO  Forms  349/^50.  Now 
what  dues  the  -10  in  the  fourth  part  identify?     Notice  the  TO  Title,  where  it  says 
in  the  beginning,  OFF-EQUIPMENT  MAINTENANCE  DOCUMENTATION  FOR  SHOPWORK. 

So  we  have  a  Methods  and  Procedures  TO  for  the  MDC  System,   for  documenting 
intenance  on  the  AFTO  Form  349/350,  when  working  IN-SHOP. 


ma 


The  Page   'A'    is  the  same  for  all  TCs  except  for  the  specifics  pertaining 
to  the  TO  you  are  using.     The  Table  of  Contents  is  on  the  same  basic  format  as  the 
( NOTICE :     the  00-20-2-2,  and  00-20-2-10  Table  of  Contents  are  almost  identical) 

<'//////////////////////////////////////////////////////////,/,/;//;,/,,  ,,,,,,,;/ 
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Review  Questions  for  Frames  4  &  5. 

Using  the  Table  of  Contents  in  TOs  00-20-2-2  and  00-20-2-10,   find  the 
information  inside  the  TOs  to  answer  the  following  questions.     (kead  the  ques- 
tions carefully.     They  tell  you  which  TO  to  use.     If  no  TO  is  mentioned,  then 
the  question  is  a  general  question  and  either  of  the  two  TOs  apply. 

1.  When  working  on  the  aircraft,  what  page  explains  Documenting  Support 

General  work? 

2.  When  working  in  shop,  what  entry  is  required  in  Block  4 
of  the  AFTO  Form  349? 


3.  I 


Vhen  working  in-shop,  what  paragraph  explains  "Crew  Size"? 

When  working  on  the  aircraft,  where  does  the  entry  in  Block  5  of  the  AFTO 

Form  349  come  from? 

5.     When  working  in-shop,  and  making  entries  on  the  AFTO  Form  350,  front  side 
Part  1,  where  will  the  entry  in  Block  15A  be  obtained  from? 

0      What  part  of  the  AFTO  Form  350  is  the  repair  cycle  processing  tag? 

7.     When  working  in-shop,  what  entry  is  required  in  Block  8  of  the  AFTO  Form  349? 

cV     What  part  of  the  AFTO  Form  350  is  used  as  a  control  document? 

9.     When  working  in-shop,  what  part  of  the  AFTO  Form  350  will  be  attached  to 
the  items  that  are  to  be  repaired? 

i' ii  in/ iniiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiitiii/iiiiiiiiiiiiiiim  iiiim/i 
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Answers  to  Review  Questions   for  Frames  L  U   5,  with  TO  number  Page  and  Paragraph. 

1      Pg  1-3    00-20-2-2    P^ge  i 

Nu  entry  required     O0-20-2-10     Page  3-1  paragraph  3- Id 
>      Par  J-2j     uu-^U-2-lU    Page  ii 

UO-2H-2      00-20-2-2     Pag2  3-1  parajraph  3-le 
3      AFT"  Form  349     UU-20-2-10    Page  4-2     paragraph  4-3 
o      Part  1     00-20-2-2,  00-20-2-10    Page  4-1     paragraph  4-1 
7.     No  i  ntry  required    00-20-2-10    Page  3-1     paragraph  3-3d 

Part   II     0U-2U-2-2,   00-20-2-10    ?z ge  4-1     paragraph  4-1 

Part   1     00-20-2-10     Page  4-1     paragraph  4-2b 
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TO  00-20-5 


Frame  6 


AIRCRAFT,  DRONE,  AIRCREW  TRAINING  DEVICES,  ENGINES,  AND  AIR-LAUNCKED  MISSILE 
INSPECTIONS,  FLIGHT  REPORTS,  AND  SUPPORTING  MAINTENANCE  DOCUMENTS. 

TO  00-20-5    begins  no  differently  than  the  other  TOs.     It  also  has  a 
Title  Page,   an   V   page,  and  a  Table  of  Contents. 

The  -5,  in  the  third  part  of  the  TO  number,   identi'ies  that  this  TO  covers 
specific  information.     Unlike  TO  00-20-1,  which  covers  general  information 
applicable  to  all  AFTO  Forms,  the  00-20-5  covers  specific  information  on 
specific  forms. 

Look  through  the  Table  of  Contents,   (pages  ii,   thru  iii)  and  you  will 
find  this  TO  covers  the  entire  AFTO  Form  781  series;   (there  are  approximately 
8  different  781' s).     AFTO  Forms  100,   100A;  and  AFTO  Forms  98,  88,  44,  and 
34.     (Don't  worry,  you  will  not  be  responsible  to  remember  all  of  these 
AFTO  Forms.     Just  know  what  TO  covers  them).     You  may  also  notice  this  TO 
does  not  cover  the  AFTO  Fo^ms  349/350. 

Briefly  review  the  Table  of  Contents  before  you  proceed  to  the  review 
questions  for  this  frame. 


//////////////////////////////////////////////////////////////////////////////// 
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Review  Questions  for  Frame  6 

I  sing  the  TO  00-20-5,   find  the  answers  to  the  following  questions  in  the  TO. 

1.     What  is  the  title  of  this  publication? 

Ji.     What  are  the  four  basic  inspection  concepts? 

J.     The  90  day  calendar  inspection  wi^l  affect  the  status  of  what  other  two 
inspect  ions  ? 

^.     With  what  "ype  of  time  compliance  technical  order  (TCTO)   is  the  circled 
red  X  used? 

>.     Which  pragraph  and  subparagraph  explains  the  "location"  block  on  the 
AFTO  Form  781A? 

o.     Who  will  establish  the  necessary  contiols  to  assure  that   inspections  are 
done  at  or  near  th^iir  scheduled  due  time? 

7.     What   is   the  title  of  AFTO  Form  781A? 


Answers  tc  Review  Questions,  Frame  6. 


1.  Aircraft,  Drone,  Aircrew  Training  Devices,  Engin2s,  and  Air-Launched 
Missile  Inspections,  Flight  Reports,  and  Supporting  Maintenance  Documents. 
(Answer  found  on  Title  .'age) 

2.  Periodic,  Phased,  Isochronal,  and  Programmed  Depot  Maintenance.  (Answer 
found  on  page  1-8,  paragraph  l-16a( 1 ) , ( 2) , ( 3) , (4)) 

3.  Accomplishment  of  either  the  30  or  90-day  inspection  affects  only  the  Basic 
Postf light  or  Home  Station  Check  inspection  status.     (Answer  found  on 

page  1-15,  paragraph  l-29c) 

4.  Urgent  action  TCTO.     (Answer  found  on  page  1  7,   paragraph  1-10) 

5.  2-9f     (Answer  found  on  page  2-16) 

o.     The  deputy  co'nmander  for  maintenance  will  establish  the  Tiecessary  controls 
to  assure  that  the  periodic,  phased,  or  isochronal  inspections  are  ac- 
complished at  or  near  their  scheduled  due  time.     (Ansx«u  found  on  page  1-9, 
paragraph  1-lb) 

7.     "Maintenance  Discrepancy  and  Work  Document."     (Answer  found  in  Table  of 
Contents  page  ii) 
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Review  fo*   Frames  1  thru  6. 


TO  00-20-1  "Preventive  Maintenance  Program  General  Requirements  and  Procedures" 

This  TO  pertains  to  the  methods  and  procedures  for  the  MDC  systems.     It  is 
general  information  and  applies  to  ALL  AFTO  Forms 

TO  00-20-2-2,  "On-Equipment  Maintenance  Documentation  for  Aircraft ;  Air- 
Launched  Missiles;  Ground-LauncLed  Missiles,  Except  ICBMs ; 
Drones;  and  Related  Training  Equipment" 

This  TO  pertains  to  Aircraft  Maintenance  Documentation  for  AFTO  Forms  349  and 

350. 

TO  00-20-2-10,  "Off-Equipment  Maintenance  Documentation  for  Shop  Work, 

Conventional  Munitions  and  Precision  Measurement  Equipment" 

This  TO  pertains  to  Maintenance  Documentation  for  Shop  work,  when  the  equipment 
(system  or  comp  nent)  was  removed  froir  the  aircraft,  and  is  for  AFTO  Forms 

349/350. 

TO  00-20-5     "Aircraft ,  Drone  anH  Air-Launched  Missile  Inspections,  Flight 
Reports  and  Supporting  Maintenance  Documents ." 

This  TO  pertains  to  specific  information  on  specific  AFTO  Forms, 

///////////////////////////////////////////////////////////////////////////////// 

If  you  have  any  questions  on  any  of  this  information  ask  now! 

iii !  iii  iii  i  ii!  iiii  ii i ii  i  ii  i  iii  nil  ii  iiii  ii  ii! i  iii  i  ii  iii  i  iii  i  iii  i  ii  iii  i ii  iii  iiiii 

We  have  two  more  TOs  to  learn.     They  are  TOs:     00-20-2  (in  H0301)  Maintenance 

Data  Collection  System. 

IF-111A-06    Work  Unit  Code  manual 
for  an  F-111A  Aircraft 

The  reason  these  two  TOs  have  been  separated  from  the  others  is  because  they  are 
used  to  find  the  codes  that  are  used  on  AFTO  Forms, 
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Frame  7 


The  TO  00-20-2  "MDC  SystemH,  is  used  to  find  the  codes  that  are  entered 
on  AFTO  Forms  349/350. 

One  of  the  codes  we  will  find  in  this  TO  is  Standard  Reporting  Designator 
(SRD)  codes.    An  older  AFTO  Forms  349-350  the  SRD  is  called  EQ/CL  (Equipment 
Classification  Codes).     Whether  it  is  SRD  or  EQ/CL  the  same  code  is  used. 
They  are  different  terms  that  mean  the  same  thing. 

SRD  codes  are  used  to  identify  aircraft  and  support  equipment  and 
related  equipment  by  type  or  category. 

All  the  codes  in  this  TO  are  identified  by  aircraft  type  in  alphabetical/ 
numerical  order.     (Example:     Attack,  Bomber,  Cargo,  Figher,  etc.)     In  order 
to  find  the  SRD /EQ/CL  code  simply  look  up  the  type,  model  and  series  of 
aircraft  or  aircraft  equipment  you  are  working  on, 
(Example:     An  F-111A;  Type  'F^Fighter;  Model  111;  Series  A.) 

If  we  look  up  the  SRD-EQ/CL  Code  for  an  FlllA,  we  will  find  the  code  is  AFV. 
The  'A'  identifies  a  General  type  of  equipment  such  as  fAf  for  aircraft.  If 
the  first  character  is  an  'Xf?  it  identifies  engines. 

The  FV  of  the  SRD-EQ/CL  Code  identifies  specific  equipment  (F-111A).     If  we 
were  to  remove  the  engines  from  an  FlllA,  our  SRD-EQ/CL  code  would  be  XFV . 
If  we  removed  the  Air  Launched  Missiles  and  Guided  Missiles  from  the  FlllA  our 
SRD-EQ/CL  Code  would  be  NFV . 

Some  bases  have  more  than  one  kind  of  aircraft  assigned.     The  reason  for 
using  SRD-EQ/CL  Codes  is  because  some  equipment  for  certain  aircraft  may  look 
identical,  but  not  be  interchangeable.     So  these  codes  will  assist  us  and 
others  in  identifying  that  the  equipment  is  for  a  specific  aircraft. 

These  codes  are  also  -        in  computer  programs  to  facilitate  data  pro- 
cersi  g  of  spec  if i  equipme  jSe  in  automated  management  information  systems 

ana  to  assist  interchange  .a  between  the  supply  and  maintenance  system. 

The  authorized  abbreviation  for  SRD,  and  EQ/CL  cedes  is  SRD. 

Another  code  the  00-20-2  TO  gives  us  is  the  Category  of  Labor  Codes. 
These  Category  o<"  ^abor  Codes  are  to  be  used  for  differentiating  the  various 
types  of  maintenance  resources  used  to  support  the  USAF  equipment  maintenance 
program.    These  codes  are  mandatory  fo*  all  units  under  the  MDC  System. 

///////////////////////////////////////////////////////////////////////////////// 
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Review  Questions  for  Frame  7 


Using  110-301,  answer  the  following  questions. 

1.     Locate  the  complete  Standard  Reporting  Designators'  (SRD)  for  each  of  the 
f ol 1  owing; 

Aircraft  SRDs 

a.  B-52C   

b.  WB-66D  "  — 

c.  TF-104G  ' 

d.  C-121G  ~" 


2.  What  does  the  first  character  of  the  SRD  Code  identify? 

3.  What  do  the  second  two  characters  identify? 

4.  What  is  the  first  character  of  the  SRD  Code  for  aircraft. 


///////////////////////////////////////////////////////////////////////////////// 
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Answers  to  review  quesLions  for  Frame  7 


1.  a.  ABC  (HO-301  Pg  5) 

b.  ABR  (HG-301  Pg  5) 

c.  AFL  (HO-301  Pg  10) 

d.  AJH  (HO-301  Pg  6) 

2.  The  first  character  ideiuiii.es  a  general  type  of  equipment 
(HO-301,  Par  A2-la,  Pg  3) 

3.  The  second  two  characters  identify  a  specific  type  of  equipment*. 
(HO-301,  Par  A2-la,  Pg  3) 

4.  A     (HO-301,  Par  A2-la,  ?g  3) 


//////////////////////////////////////////////////////////////////////////////// 

In  the  bookcase  in  the  room,  you  will  find  some  snaller  TO 1 s  that  have  a  whit^ 
strip  going  up  and  down.     Get  the  TO  that  has  1F-111A-06  on  the  side  facing 
you . 


ERIC 
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Frame  8 


TO  IF-111A-06,  "AIRCRAFT  MAINTENANCE  WORK  UNIT  CODE  MANUAL  USAF  SERIES  F-111A, 
D,  E  AND  F  AIRCRAFT." 

Looking  at  the  Title  Page  of  the  IF-111A-06  we  will  find  the  TO  number 
in  the  upper  right  corner,  and  on  the  top  center  of  each  page  hereafter.     In  the 
center  top  half  we  will  find  the  complete  TO  title.     The  title  includes  all 
letters  and  numbers.     You  see  this  TO  covers  the  F-lll  series  A,  D,  E,  and  F. 
It  will  not  work  for  series  B,  C  of  the  F-lll  aircraft.     Below  the  title  we 
will  find  the  distribution  statement,  and  below  this,  we  find  this  TO  was 
published  under  authority  of  the  Secretary  of  the  Air  Force.     Then  to  the  right 
bottom  corner  we  will  find  th^  basic  date  and  change  number  along  with  the 
change  date. 

Behind  the  Title  Page,  we  have  an  'A1  page.     First  we  have  the  TO  number, 
and  the  title  of  this  page  "List  of  Effective  Pages."    Beneath  this  is  what 
to  do  in  case  of  a  change  to  the  TO.     Then  we  find  how  we  can  identify  what  the 
mcst  recent  change  has . affected .     Now  we  have  a  NOTE:     That  the  other  TO  did 
not  have.     It  says  "only  pages  listed  on  the  'A'  page  are  valid."     Next  we  find 
the  dates  of  issue  for  the  original,  and  changed  pages  along  with  page  numbers, 
and  change  numbers  that  should  be  found  for  that  page.     The  list  of  Effective 
pages  covers  pages  A,  B,  C,  and  D.     The  total     number  of  pages  in  this  manual 
is  256. 

On  Page  1-001  begins  the  Table  of  Contents.     See  the  black  vertical 
lines  in  the  outer  margin  of  this  page?    Remember  what  this  means?     If  not, 
go  back  and  read  the  first  note  on  the  top  of  page  'A1.     Never  try  to 
"memorize"  information  that  is  found  in  a  TO.     They  are  almost  constantly 
being  changed.     If  you  feel  that  you  have  "mastered"  the  information  always 
double  check  before  you  do  what  is  required,  and  remember  "a  TO  is  a  military 
order." 

Beneath  the  Table  of  Contents  page  we  find  the  preface.     This  is  where 
they  introduce  the  various  codes,  abbreviations  and  symbols  you  will  find  inside 
the  TO. 

Next  we  see  there  are  two  groups  of  Type  Maintenance  Codes.     One  is 
tor  aircraft,   the  other  is  for  engines.     Always  be  sure  you  are  ;n  the  right 
group  for  the  type  of  maintenance  you  are  performing.     (Read  paragraph  2c 
on  page  11-002.) 

Getting  back  to  the  Table  of  Contents,  we  find  Action  taken  codes  listed 
or.  page  V-001.  The  description  of  Action  taken  codes  is  on  page  II-0C2,  para- 
graph 2D.     Read  this  paragraph,   then  return  to  the  Table  of  Contents  and  this 

PT. 
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After  Action  Taken  Codes  we  find  When  Discovered  codes.     Read  paragraph  2D 
on  Page  11-002  in  the  TO. 


Now  thi.       begin  to  get  a  little  tricky.     Pay  very  close  attention  to 
this  paragraph. 

There  are  two  groups  of  How  Malfunction  Codes.     The  first  one  is  an 
Alphabetical  listing,  where  all  the  code  definitions  are  listed  under  the  first 
letter  of  the  malfunction.     Turn  to  Page  VII-001  to  see  what  we  are  talking 
about.     Then  return  to  the  Table  of  Contents.    The  second  group  of  How  Malfunction 
Codes  is  a  numerical  listing  where  all  the  codes  *re  listed  accoriing  to  the 
number  of  the  code.     (smallest  number  first)     Turn  to  Page  XI-001,   then  return 
to  the  Table  of  Contents. 

These  How  Malfunction  codes  are  further  broken  down  into  categories: 

Avionics /El ec  erica 1 /Computer 
Physical /Mechanical 
No  Defect 

Engine  Re la ted /Reason  For  Removal 

This  category  of  How  Malfunction  Codes  is  broken  into  sub-categories: 

Observed  or  Recorded  Operational  Conditions 

Identified  Components 

Condition  Monitoring 

Chrnce  Occurances 

Managerial  Decisions 

Nor  Defect 

The  majority  of  these  codes  you  will  use  will  be  taken  from  the  Physical/ 
Mechanical  category. 

After  t"irt  How  Malfunctioned  Co^es  Numerical  Listing  is  Aircraft  Support 
General  Ccde^      All  Support  General  Codes  will  begin  with  a  zero  (example: 
01000,  OiOOO,  03000  thru  0900C).    These  codes  are  used  like  Work  Unit  Codes, 
only  work  unit  codes  will  begin  with  a  one  or  higher  number  (Example:  11000, 
11ADP,   23GAE,  47ADB  and  etc.) 

Support  General  Codes  are  used  to  identify  a  group  of  components  that 
make  up  a  task.     Example:     If  we  were  given  the  job  of  washing  an  aircraft,  we 
would  have  to  document  all  of  the  components  on  the  aircraft  that  we  washed, 
which  would  include  almost  every  work  unit  code  in  this  manual,  or  we  could 
use  the  support  general  code  that  identifies  "washing"  which  would  incluJe 
everything  on  the  aircraft  that  was  washed. 

he  could  say  Support  General  Codes  are  verbs ,  they  show  action  taken 
against  something.     Since  you  can't  see  or  touch  "washing",  it  is  something 


you  do 
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To  find  the  Support  General  Code  for  "washing"  use  the  Table  of  Contents. 

The  first  group  of  Support  General  Codes,   (page  1-002)  says  "except  03000 
and  04000".     Then  we  notice  that  the  next  two  groups  are  for  03000  and  04000. 
They  have  their  own  pages  (03-001  and  04-001).     Before  we  go  any  further,  lets 
go  to  these  two  Support  General  Codes  and  find  out  why  they  are  listed  separately. 

Turning  to  Page  03-001  first,  notice  what  is  above  Support  General  Code  03100 
It  says  "Look"  Phase  of  Scheduled  Inspections.  This  is  a  list  of  all  tho  Scheduled 
Inspections  we  will  perform  on  a  Fill  aircraft. 

On  Page  04-001  we  have  a  list  of  SPECIAL  INSPECTIONS.     These  are  inspections 
we  will  perform  on  Fill  aircraft  that  are  Unscheduled  Inspections,  or  Special. 
There  are  four  pages  of  special  inspections.     Due  to  the  fact  that  "washing" 
is  not  an  inspection  of  any  kind,   the  Support  General  Code  we  are  looking  for 
must  be  in  the  first  group  where  it  says  "except  03000,   and  04000." 

Remember  03000  Codes  identify  "Scheduled  Inspections,  while  04000  codes 
indent  if ies  "Special  Ins pec  t ions . " 

Now  turning  to  Page  01-001,  we  find  the  Code  01000.     This  code  identifies 
Ground  Handling,   Servicing  and  Related  tasks.     Reading  through  the  description 
of  01000,  we  cannot  find  anything  that  is  related  to  "washing".     Turning  to 
Page  01-003  we  find  02000,  and  it  identifies  Aircraft  Cleaning,  which  includes 
"washing".     So  the  Support  General  Code  for  washing  is  02000. 

Support  General  Codes  are  verbs.     They  show  action. 

Work  Unit  Codes  (any  five  diget  code  that  begins  with  a  1  or  higher 
number)  is  a  noun.     These  are  things  that  we  can  see  and  touch,  so  turn  to 
Page  11-001  and   lets   look  at  one  of  these  codes.     1 1000-Air frame  Fuselage. 

Work  Unit  Codes  are  listed  in  an  outline  format.  11000  is  a  work  unit 
code  that  identifies  the  airframe  of  the  aircraft.  Notice  how  all  the  codes 
on  Page  11-001  begin  with  the  same  number  as  the  page  number. 

Beneath  the  description  of  11000  we  will  find  the  Airframe  Fuselage  is 
broken  down  into  sections.     In  this  case  it  is  the  Nose  section.     Now  notice 
what  happened  to  our  work  unit  codes.     We  still  have  11  but  the  000  changed  to 
AA.     The  11  still  identifies  the  Airframe  Fuselage,  but  the  AA  now  identifies 
one  section  of  it.     In  this  case  the  AA  identifies  the  Nose  Section.     Go  down 
the  list  of  Work  Unit  Codes  changes  from  AA .     What  does  it  mean  when  the  code 
changes  from  AA  to  AB?     Here  AB  identifies  the  Nose  Section  Doors/Covers. 
When  the  code  changes  from  AB  to  AC  ws  changed  to  another  section  of  the  airframe. 
In  this  case  it  is  the  Center  Section.     Looking  to  Code  11ACD  we  have  the  skin  (D), 
Tor  the  Center  SecLion  AC,   for  the  airframe  (ll).     The  only  letter  that  changes 
is  the  last  letter.     This  identifies  a  component  for  the  sub-section,   for  the  main 
sec  t ion . 
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Lets  look  at  Page  41-001.     You  all  should  be  familiar  with  this  system. 
Look  at  Code  41  ABA.     The  last  A  identifies  the  Exchanger,  Heat,  Air-to-air, 
(fcr  Fill  series  A/E)  for  the  Refrigeration  Package  B  tor  the  Air/Conditioning 
System  41A. 

If  you  are  having  problems  understanding  these  codes,  ask  your  instructor 
for  help. 

////////////////////////////////////////////////////////////////////////////////// 
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ERIC 


Review  question*,  for  Frame  8. 

Using  to  IF-111A-06,  answer  the  following  questions. 

1.  What  Series  of  Fill  does  the  TO  IF-HIA-06  cover? 

2.  How  many  changes  has  this  TO  had  since  1  October  1980,  and  what  is  the 
date  of  the  last  changed 

3.  How  many  pages  are  in  this  TO? 

4.  On  what  page  number  wi      we  find  a  numerical  listing  of  How  Malfunction 
Codes  for  the  Physica     fechanical  category? 

What  does  an  asterisk  identify  between  the  Work  Unit  Code,  and  its  definition? 

What  AFTO  Form  is  used  to  recommend  changes  to  this  nunual,   in  accordance 
with  what  TO? 

/.     What  is  the  Type  Maintenance  code  for  performing  the  Basic  Postf light 
inspection  on  an  Fill  aircraft? 

8.     What  is  the  When  Discovered  Code  for  the  Basic  Postflight  inspection? 


6. 


9. 


What  is  the  Action  Taken^Code  that  identifies  the  repair  and/or  replacement 
of  minor  parts  hardware  and  softgoods? 

What  is  the  How  Malfunction  Code  that  describes  Loose,  Damaged  or  Missing 
Hardware? 


11.  What  is  the  Work  Unit  Code  that  identifier  the  Escape  Capsule  Crew  Module 
Canopy,  Mechanism,  atch? 

12.  What  is  the  Work  Unit  Code  that  describes  the  engine  Starting  System 
Pneumatic  Starring  assembly? 

13.  What  Support  General  Code  describes  the  Oi 1  Sampling  Spectrometric  analysis7 

14.  What  Support  General  Code  identifies  the  Hourly  Postflight  Inspection? 

15.  What  Action  Taken  Code  identifies  cleaning? 

16.  what  is  the  title  of  tha  system  coded  45? 

17.  What  is  the  code  that  describes  the  performance  oi  an  Excessive   'G 1  load 
inspec  t ion. 

//////////////////////////////////////////////////////////////////////////,//////// 
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Answers  to  review  questions  for  Frame  8. 


1.  A,  D,  E  and  F.     (answer  found  on  title  page) 

2.  6  changes.     Change  6  is  dated  3  May  1982.     (answer  found  on  title  page 
lower  right  corner,  or  on  Page  A) 

3.  Total  number  of  pages  in  this  manual  is  256  (Page  D) 

4.  Page  Xll-001  (Table  of  Contents    Page  1-001) 

5.  Time  Change  items,  Items  designated  for  configuration  control,  and 
items  which  require  serial  number  control  (Preface,  Page  11-002) 

6.  AFTO  Form  22.     IAW  to  00-5-1  (Preface  Page  11-004) 

7.  'C   (Page  111-001) 

8.  '  H:   (Page  VI-001) 

9.  "G"  (Page  V-004) 

10.  105  (Page  VIII-001  Alphabetical  Listing,  XII-001  Numerical  Listing) 

11.  16ABP  (Page  16-001) 

12.  23WAA  (Page  23-017) 

13.  04110  (Page  04-001) 

14.  03300  (Page  03-001) 

15.  'V   (Page  V-007) 

16.  Hydraulic  and  Pneumatic  Power  Supply 
(Table  of  Contents    Page  1-002A) 

17.  04114  (Page  04-001) 
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If  you  have  any  questions  about  any  of  these  TOs,  ask  your  instructor  for 

help. 


Review  on  TO ' s  00-20-1  and  IF-111A-06 


The  00-20-1  TO,  gives  us  information  in  codes  that  goes  on  the  AFTO  forms 
349/350.     The  codes  that  are  found  in  this  TO  are  "Standard  Reporting 
Designators",  and  "Category  of  Labor". 

The  IF-111A-06  TO,  gives  us  information,   in  codes,   that  goes  on  the  AFTO 
Forms  349/350/781A  (as  required).     The  codes  that  are  found  in  thi*>  TO  are: 


Type  of  Maintenance 
Action  taken 
When  Discovered 
How  Malfunction 
Aircraft  Support  General 
and  Work  Unit  Codes 


Up  to  this  point  you  have  learned  how  to  use  six  TOs.     They  are: 

00-20-1        Preventive  Maintenance  Program 

General  Requirements  and  Procedures 


00-20-2        Maintenance  Data  Collection 


00-20-2-2    On-Equipment  Maintenance  Documentation  for  Aircraft; 

Air-Launched  Missiles;  Ground-Launched  Missiles,  Except 
ICBMs;  Drones;  and  Related  Training  Equipment. 

00-20-2-10  Off-Equipment  Maintenance  Documentation  for  Shop  Work, 

Conventional  Munitions  and  Precision  Measurement  Equipment 

00-20-3        Aircraft,  Drone,  and  Air-Launched  Missile  Inspections,  Flight 
Reports,   and  Supporting  Maintenance  Documents 

1F-111A-06  Aircraft  Maintenance  Work  Unit  Code  Manuol  USAF  Scries 
F-111A,  D,  E  and  F  Aircraft. 

If  you  have  any  questions  concerning  the  use  of  these  TOs,  ask  your  instructor 
before  continuing. 
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There  are  many  reasons  for  the  use  of  the  MDC  System.     They  are  to  name 
a  few: 


1.  Production  information  about  the  type  of  work  accomplished,  the  work 
center  that  did  the  work,  and  the  equipment  on  which  the  work  was 
accompl ished . 

2.  Equipment  maintenance  schedules  and  inventory  information  for  main- 
tenance actions  that  are  required  on  a  calendar  basis. 

3.  Equipment  failures  and  discrepancy  information. 

4.  In  addition  to  the  above,  base  maintenance  managers  and  supervisors 
may  obtain  information  concerning  the  cost  of  maintenance. 

(a)  The  cost  of  civilian  and  military  manhours . 

(b)  The  cost  to  maintain  aircraft,  for  both  on  and  off-equipment 
maintenance . 

(c)  Reimbursement  action  for  transit  maintenance  services. 

Because  of  the  many  uses  it  is  important  that  the  data  in  the  MDC  System 
be  accurate      The  effect  of  data  errors  varies  for  different  information 
uses.    For    astance,  some  margin  of  error  can  be  tolerated  when  determining 
inspection  intervals.     However,  computing  the  service  life  of  high  cost, 
low  inventory  items  require  100%  accuracy. 

The  information  provided  through  the  MDC  System  is  used  in  the  nu  :agement 
decision  making  process  which  results  in  many  tangible  benfits  to  Air  Force 
logistics,  especially  maintenance.     These  benefits  are  not  always  apparent  to 
the  individual  involved  in  the  documentation  of  data;  however,  a  large  portion 
of  the  cost  of  the  MDC  System  is  returned  through  better  management  decisions 
that  can  be  made  with  informative  facts. 
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MAINTENANCE  DATA  COLLECTION  RECORD 


i  joi  coma  mo. 

O9Z00/3 


10  cms  TIME 

!  /? 


II  FSC 
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1 

12 

*    "  ■ 

3 


TYPE 
MAiNT 
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6 
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3.  1.0  NO./mUl  MO. 
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20  PAJtT  NUMIEX 
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/ 


WORK  WIT  CODE 


23  000 
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TAKEN 


S  EQ/CL 


21  SCI  NO  /Off*  TIME 


WHEN 
DISC 


7^ 


22  TAG  NO 


UNITS 


I  TIME 

£96. 


12  INST  ENC  TIME 

13.  INST.  ENC  10 

14. 

IS 

11. 

37- 

J*  of/ 7 

7  nil 

3 


23  INST  ITEM  PART  NO 


21-ROM7 


t.  SORTIE  0 


17  rim  grc  ■  <« 


•  LOCATION 


24  SERIAL  NUMtER 


II  Kt  ITD 


START 
HOUR 


2t  OlSCttPANCY 


STOP 
DAY  HOUR 


oft 


o9z 


CREW 
SIZE 


CMO 
ACT  10 


SCH 
COOE 


2S  OPEN  TIME 
H 

EMPLOYEE 
MUMPER 


* /  £/)Js*£  A«-5  fog 


V.  MMCTIff  4CTKM 


0  P£&4TtCA//)L.    C/C  0/CZ4uiTO 


21  RECOROS  ACTION 


AFTO  JaVpI  340  '■■»'OW«  «»ITlOM  >«  OMOLfTI. 


*U.S.Gov«rnm«nt  Prlntlnf  Offlct  If 75  —  «S>976 


Figure  1    AFTO  Form  349 


The  AFTO  Form  349  (Figure  l)  is  the  Maintenance  Data  Collection  Record. 
Ihis  is  a  universal  form.     It  is  used  to  collect  information  on  man  hours, 
serially  controlled  items,   time  change  items,   type  of  maintenance  performed, 
who  performed  the  maintenance;  by  work  center,  and  employee  number.     It  is  also 
used  as  a  dispatch  from  when  certain  blocks  have  been  completed. 

Do  you  remember  what  TOs  are  used  to  complete  this  form?     Do  you  remember 
what  TOs  are  used  to  find  the  codes  that  are  recorded  on  this  form?     If  not, 
go  back  to  Frame  4,  and  begin  reading  this  PT  again. 
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In  Figure  2  you  will  find  a  copy  of  the  AFTO  Form  350.     This  is  a 
Reparable  Item  Processing  Tag,  and  is  a  two  part  form. 


Part  I  of  the  AFTO  Form  350  will  always  be  left  attached  to  the  item 
that  is  determined  to  be  reparable  and  is  being  forwarded  to  other  activities  for 
repair,  and  is  used  for  shop  processing.     Part  II  serves  as  a  production  control 
document,  and  is  used  to  control  the  reparable  item  during  shop  processing. 
The  Part  II  of  this  form  will  be  retained  by  the  Production  Scheduler. 


AFTO  FORM  350  FEB.  1977 

PREVIOUS  EDIJjfifMKJLl  BE  USED 


BUDGET  BUREAU 
NO.  21R0227 


S  GOVERNMENT  PRINTING  OFFICE:  19,7  758  426 


1    JOB  CONTROL  NO 

2.  ID  /  SERIAL  NO. 

//J/640 

3.  TM 

S 

3A.  SRD 

4.  WHEN 
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5  HOW 
MAL 

6.  MDS 

7.  WORK  UNIT  CODE 
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8  ITEM  OPER. 
TIME 

9.  QTV. 
/ 
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11   PART  NUM 
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•JL/ 

14  DISCREPANCY 


WARNING 

Unauthorized  persons  remov* 
Ins,  defacing,  or  destroying 
this  tag  (or  label)  may  be 


O 


subject  to  a  fine  of  not  more 
than  $1,000  or  imprisonment 
for  not  more  than  one  year 
or  both. 

(18  USC  1  36  1) 


REPAIR  CYCLE  DATA 

23  NSN 

24.  SRANC00E 

25.  TRANSPORTATION  CONTROL  NUMBER 
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26  SERVICEABLE 


27.  C0NDEMNE0 


1*   SHOP  USE  ONLY 


ISA  CMD  /  ACI  ID 


tag  no. 


939570  V%5&> 


16.  SUPPLY  DOCUMENT  NUMiit* 


17.  NOMENCLATURE 


18.  PART  NUMBER 


19  NS'« 


20  ACTION 
TAKEN 


21.  QTY. 


22.  RPC.  USE  ONLY 


TAG  NO. 


939570 


28.  SUPPLY  INSPECTOR'S  STAMP 


29. 

BASE  REPAIR  CYCLE  DATA 

MO 

DAY 

YR. 

TIME 

REMOVED  OZ/cV/j        REC'D  BY  RPC 

AWM 

TO: 

TO: 

AWP 

TO: 

j 

TDi 

TDi 

DATE  COMPLETED 

AFTO  Form  360-Front 


ERIC 


Figure  2 
29 


AFTO  Form  360— Back. 
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The  Maintenance  Discrepancy  am'  Work  Document  is  where  the  actual  discrepancy 
begins  ,  AFTO  Form  781A  (F  igure  3) .    *Hiis  form  records  all  maintenance  that 
is  performed  on  the  Aircraft,  that  is  discovered  by  the  pilot  and  maintenance 
personnel.    This  fnrm  will  always  be  kept  at,  or  near  the  aircraft,  each  aircraft 
will  have  its  own  sepatnte  group  of  AFTO  781  series  forms. 
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T)OC  NO 


DATE  FROM 


OATE  0ISC0 

&  1 65  l  3 


13         I  vjSfip1' 

/    /  YQfyuW 

I  WDC   1  JCN  TAG  NO 


JCN 


ORGN 


DISCREPANCY 


LOCATION  I  MOS I  SERIAL  NO, 


CF  TO  781A  DATED 

p   .    I  /  / 


TRANSFERRED  TO 
781 K  DATE 

/  / 


TRANSFERRED  SY 


()AJ£CT  &4/nA6t  


DATE  CORRECTED 


GRADE        CM  PLOYED  NO 


CORRECTIVE  ACTION 


AC  nun  d  _ _  fc 


m   I    oninr  CUDIAVfr  NO 


[PLOY  EE  NO 


EMPLOYEE  NO 


CORRECTED 

/  i<3 


EMPLOYEE  NO 


CORRECTIVE  ACTION 

4L  /  /AJ£  3I/OsmLt£~0 


GRADE 


EMPLOYEE  NO. 


fJcw  £m;»c  sj  U  qs/7  rcr.  spjM 

rOMBCTED  BY  GRADE        EMPLOYEE  NO 


AJi 


7  V  GRADE 

£ZL  St* 

TRANSFERRED  TO     OATE  COR1 


EMPLOYEE  NO 


EMPLOYEE  NO 


TAG  NO 


to  Ma  dated 


p  1 


1/  / 


IANSF  ERRED  TO 
781K  DATE 

/  / 


OATE  CORRECTED 
/ 


DOC  NO 


DISCREPANCY 


TRANSFERRED  BY 


GRADE 


EMPLOYEE  NO 


CORRECTIVE  ACTION 


CORRECTED  BY 


DISCOVERED  8Y 


SYM 


DATE  DISCD 
/  / 


WDC  JCN 


DOC  NO 


GRADE 


EMPLOYEE  NO 


TAG  NO. 


DISCREPANCY 


DIoCOVtRfD  BY 


GRADE 


EMPLOYEE  NO. 


INSPECTED  BY 


CF  TO  781A        DATED      TRANSFERRED  TO 


p  ,    \  I   I  1  _/__/  


TRANSFERRED  BY 


GRADE 
GRADE 


EMPLOYEE  NO 
"EMPLOYEE  NO 


DATE  CORRECTED 

/  / 


GRADE        EMPLOYEE  NO 


CORRECTIVE  ACTION 


CORRECTED  BY 


INSPECTED  B ' 


GRADE 


GRADE 


EMPLOYEE  NO 


EMPLOYEE  NO 


AFTO  hT;.  781 A 


MAINTENANCE  DISCREPANCY  AND  WORK  DOCUMENT 


ntvious  romoN  is  el*,  <  t 


9 
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PROGRAMMED  TEXT 
3ABR42331-PT-302 


Technical  Training 


Aircraft  Environmental  Systems  Mechanic 


INTRODUCTION  TO  THE  TECHNICAL  ORDER  SYSTEM 


CHANUTE  TECHNICAL  TRAINING  CENTER  (ATC) 
3370  Technical  Training  Group 
Chanute  Air  Force  Base,  Illinois 


DESIGNED  FOR  ATC  COURSE  USE 
DO  NOT  USE  ON  THE  JOB 


14  April  1981 
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OBJECTIVE 


Identify  instructions  contained  in  time  compliance  technical 
orders  with  80%  accuracy. 


Today,  more  than  ever,  Air  Force  people  need  to  know  how  to  use 
Technical  Orders  (TOs).    This  PT  will  give  you  an  overall  view  of  how 
Air  Force  TOs  are  set  up.    You  should  be  especially  interested  to  know 
how  to  use  TOs  because  you,  the  mechanic,  will  have  to  look  up  informa- 
tion in  them  just  about  every  day*    There  are  about  70,000  TOs  right  now, 
and  they  are  used  for  big,  complex  things  like  breaking  down  jet  engines 
or  for  smaller  jobs  like  ohming  a  wire  for  resistance. 

TOs  are  always  changing.    They  have  to  in  order  to  keep  up  with  the 
advances  in  technology.    Because  of  the  changes  that  are  being  made  each 
day,  there  is  a  chance  that  what  you  learn  now  will  not  be  exactly  what 
you  will  see  later.    Don't  worry.    It  will  be  just  another  indication 
to  you  that  your  Ai*c  Force  Is  dynamic  and  is  finding  better  ways  of  doing 
things  every  day. 

The  answer  to  a  question  is  supplied  on  the  page  following  the 
question.    If  you  have  answered  the  question  correctly  and  understand 
the  material,  go  on  to  the  next  item.    If  you  answered  incorrectly  or 
are  not  sure  of  the  material,  go  back  and  review  the  material.  Proceed 
at  a  rate  which  is  best  suited  to  your  learning  ability. 


OPRs  3370  TCHTG 
DISTRIBUTION:  X 

3370  TCTTG/TTGU-P  -  750;      DAV  -  1 


INTRODUCTION 


2 


ERIC 
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FRAME  1 

TOs  are  set  up  to  give  you  technical  instructions  so  that  >ou  can 
do  your  Job.    They  give  you  information  so  that  you  can  operate,  maintain, 
modify,  nr  overhaul  All  Force  equipment  nnfely  and  efficiently.    When  the 
Air  Vorce  talks  nbout  equipment,  It  ts  referring  lo     Jot  of  thlnpH  tluil 
range  from  Air  Force  planes  and  missiles,  trucks  and  automobiles,  radar 
equipment,  or  power  supplies  such  as  the  MA-1A.    TOs  also  have  instructions 
on  safety  procedures,  preparing  maintenance  forms,  and  handling  Air  Force 
material. 

The  purpose  cf  technical  orders  is  to  provide  you  with  instructions 

for 


( 

) 

a. 

AF  equipment  and  materials. 

( 

) 

b. 

maintaining  AF  equipment. 

( 

) 

c. 

operating  and  overhauling  AF  equipment. 

( 

) 

d. 

all  of  the  above. 

ERIC 
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Answer  to  Frame  1*  d. 


FRAME  2 

The  TO  system  doesn't  apply  to  everything.    For  instance  it  does  not 
apply  tc 

(  )    a.      experimental  equipment  designed  specifically  for  research 
purposes. 

(  )    b.      real  property  (buildings  and  grounds). 

(  )    c.      USAF  Stock  List  Publications.    These  publications  are  used 
to  find  stock  numbers  for  parts  you  order  through  the  AF  Supply  System. 

(  )    d.      Standard  Publications  such  as  AF  regulations  and  AF  manuals. 
These  regulations  talk  about  military  doctrine,  AF  management  or  AF 
organizations. 

Check  thc3e  subjects  below  on  which  TOs  would  normally  be  published. 

(  )    a.      Maintaining  and  operating  AF  equipment  designed  specifically 
for  experimental  purposes 


( 

) 

b. 

Operating  the  USAF  Supply  System 

( 

) 

c. 

AF  management  procedures 

( 

) 

d. 

Maintaining  buildings  and  grounds 

( 

) 

e. 

Operating  and  maintaining  AF  equipment 

( 

) 

f . 

Reenlistment  procedures 

ERIC 
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Answer  to  Irame  2. 


e. 


FRAME  3 


Not  all  TOs  are  the  same.    Look  at  ones  that  are  shown  in  this  frame. 


Check  the  ones  in  this  list  that  could  be  technical  orders. 


a.  Bombing  Table 

b.  Air  Force  Regulation 

c.  Poster 

d.  Equipment  Modification  Instructions 

e.  Numerical  Index  and  Requirement  Tables 

f .  Air  Force  Manual 


5 

5 12       dtSi  COPY  AVAILABLE 


Answers  to  Frame  3.  a.    d.  e. 


Note:  b  and  f  are  Incorrect  because  TOs  do  not  cover  standard 
publications  which  Include  AF  regulations  or  manuals. 


FRAME  4 


TIME  COMPLIANCE  TECHNICAL  ORDER 
(Eleetrlwl  Mttwge) 


Here  are  some  more  examples  of  TOs.    Check  the  ones  in  this  list 
that  could  be  technical  orders . 


(  )  a. 

(  )  b. 

(  )  c. 
instructions 

(  )  d. 

(  )  e. 

(  )  f. 


Technical  Manual 

Air  ?orce  Manual  (AFM) 

Electrical  message  co-.'aining  special  inspection 

Lubrication  Chart 
USAF  Stock  L<sts 
Punched  Cards  (checkout) 


ERIC 
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BEST  COPY  AVAILABLE 


Answers  to  Frame  4.  a.    c.    d.  f. 

Note:    a  is  correct  because  it  is  a  "technical  manual". 


FRAME  5 


AF  MANUAL 


AFR  5-2 

AF  VISUAL  AID 

(poster; 


Technical  orders  are  easy  to  identify  because  they  have  the 
abbreviation  TO  and  a  number  following  it.  Forms  are  marked  for 
identification.    You  can  see  some  examples  above. 

Technical  orders  are  generally  identified  by 


)  a.  AFM. 

)  b.  TM 

)  c.  SL  and  an  identifying  number. 

)  d.  TO  and  an  identifying  number. 

)  e.  AFTO  and  an  identifying  number. 

)  f .  TO 


ERIC 
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Answer  to  Frame  .*>.  d. 


FRAME  6 

Check  the  boxes  beside  the  drawings  of  TOs. 


Technical  Order  BINDERS 
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Answers  to  Frame  6.  TO  00-5-1  TO  1B-52G-1 

FRAME  7 

Complete  the  following  questions: 

1.      Technical  Orders  are  normally  identified  by  (check  one) 


(  ) 

a. 

TO 

(  ) 

b. 

SL  and  Identifying  Number 

(  ) 

c. 

TO  and  Identifying  Number 

(  ) 

d. 

TM 

(  ) 

e. 

TF 

(  ) 

f. 

AFTO  and  Identifying  Number 

2. 

System. 

In  the  list  jelow,  check  those  which  would  be  part  of  the  TO 

(  ) 

a. 

Maintenance  of  AF  equipment 

(  ) 

b. 

The  USAF  Supply  System 

research 

(  )  c. 
purposes, 

Experimental  equipment  designed  specifically  for 
such  as  X15  (experimental  aircraft) 

(  ) 

d. 

Reenlletment,  military  doctrine,  AF  management,  etc. 

(  ) 

e. 

Operation  of  AF  equipment 

3. 

Check  those  which  could  be  Technical  Orders. 

(  ) 

a. 

Bombing  Tabic 

(  ) 

b. 

Technical  Manual 

(  ) 

c. 

AF  Regulation 

(  ) 

d. 

Punched  Cards 

(  ) 

instructions 

e. 

Electrical  messages  containing  equipment  modification 

(  ) 

f. 

AF  Manuals 

(  ) 

g. 

USAF  Stock  Lists 

(  ) 

h. 

Posters 

ERIC 


9 

516 


Answers  to  Frame  7.  1.  c.         2.  a.  e.         3.    a.    b.    d.  e. 

FRAME  8 

TOs  are  writtan  by  the  contractor  who  makes  equipment  for  the  Air 
Force.    The  Air  Force  tests  the  equipment  and  the  TOs  to  be  sure  they 
are  correct.    After  using  the  TOs  and  equipment,  the  Air  Force  can  then 
^sk  tor  changes  or  more  information. 

Select  the  true  statement (s)  below. 

(  )    a.      The  contractor  normally  writes  the  TOs  to  assure 
operational  correctness  of  the  data  for  the  equipment. 

(  )    b.      The  contractor  normally  writes  the  TOs  and  the  Air  Force 
checks  to  assure  operational  correctness  with  the  equipment. 

(  )    c      Both  of  the  above. 
(  )    d.      Neither  of  the  above. 


0 

ERJC 
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Answer  to  Frame  8.  c. 


FRAME  9 


Most  of  the  technical  orders  for  a  new  weapon  system  are  first 
(originally)  written  by: 


(  ) 

a. 

AFSC 

(  ) 

b. 

AFLC. 

(  ) 

c . 

USAF. 

(  ) 

d. 

Using  Commands. 

(  ) 

e. 

Contractor. 

11 
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Answers  to  Frame  9.  e. 


FRAME  10 


TECHNICAL  MANUALS 


There  are  many  types  of  technical  orders, 
type  of  technical  order  is  a  technical  manual, 
are  typical  technical  manuals. 


The  most  widely  used 
The  examples  shown 


 rT^vn«  \  ■  1 

\            .--  r~'m  \ 

\            •""*  \ 

All  of  these  are: 


(  )  a.  separate  technical  orders. 

(  )  b.  separate  technical  manuals. 

(  )  c.  both. 

(  )  d.  neither. 
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Instructions  i:or  operation,  service,  maintenance  and  inspection  of 
complex  weapon  systems  (aircraft,  missile,  etc.)    and  overhaul  of  component 
parts,  are  gi  Ten  in  separate  technical  manuals.    They  are  shown  above. 

Write  the  name  of  the  technical  manual  you  would  use.  tu  do  the 


following  work,  on  the  blank  provided. 

a.  Instructions  on  how  to  maintain  a  generator  (  ) 

b.  How  to  service  an  aircraft  engine  with  oil  (  ) 

c.  Inspection  requirements  for  a  weapon  system  (  ) 

d.  I!jw  to  service  the  oxygen  system  on  a  missile  (  ) 

e.  How  to  overhaul  a  jet  engine  (  ) 

f .  How  to  operate  engines  on  an  aircraft  (  ) 


13 
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Answers  to  Frame  11. 


FRAME  12 


a.  (MAINTENANCE) 
c.  (INSPECTION) 
e.  (OVERHAUL) 


b.  (SERVICING) 
d.  (SERVICING) 
f .  'OPERATING) 


If  the  equipment  is  complicated,  the  instructions  may  be  in  ~->re 
than  one  technical  manual.     (See  drawing  above.)    Types  of  Instruc  ons 
are:    Operating,  Servicing,  Overhaul  Instructions  0/H,  Inspection 
Requirements,  Maintenance  Instructions  and  Illustrated  Parts  Breakdown 
(IPB). 

Check  the  technical  manuals  which  contain  more  than  one  type  of 
instructions. 


(  )    a.  34Y17-4-B-1 
tions — Elec  Lubricator. . . 


Operation,  Service,  and  Overhaul  instruc- 


(  )    b.  34Y17-4-13 
Oil  Tank  Pump-up  Tank. . . . 

(  )    c.  6J10-3-68-3 
Fuel  Booster  Pump.... 

(  )    d.  6J10-3-70-3 
Pump .... 


Overhaul  (0/H)  with  Parts  Breakdown  (P/B)  — 


Overhaul  (0/H)  with  Parts  Breakdown- 


Overhaul  (0/H)  Instructions— Fuel  Transfer 


ERLC 
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Answers  to  Frame  12. 


a.  b. 


c. 


Supplemental  Inform*  n»w 


FRAME  13 


Technical  manuals  may  also  contain  a  nc.-< 
nomenclature,  (name  of  part)  and  X£ MfJ^M*  nUmbRr* 
maintain  a  piece  of  equipment.    These  ^1°°  nece88ary  to 
Parts  Breakdowns,  and  are  used  to  identifT     I"  S*llad  Illu*trated 
determine  equipment  assembly  and  disa^y^s         8URPly'  ^  t0 

For  example,  the  Illustrated  Part*  s,..,,, 
equipment,  are  usually  1„  one  or  mora  lol^tT.^V^'.  "  COm»1":"«d 


ILLUSTRATED 

PARTS 
BREAKDOWN 


ILLUSTRATED 

PARTS 
BREAKDOWN 


just  ff^arts^maTS  SS^^aES"  °f  WhiCh  COntain 

instructions'  (See  illustration  be^.    ^  8UCh  M  0Verhaul 


ERIC 
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Answer  to  Frame  13.    NO  RESPONSE  REQUIRED. 


FRAME  14 


As  you  learned  before,  when  you  need  to  find  out  how  to  operate, 
service,  maintain,  inspect,  overhaul,  or  find  parts  for  a  pl.-iat  or 
other  piece  of  equipment,  you  may  have  to  look  in  more  than  one 
technical  manual.    For  instance,  if  ypu  look  at  the  illustration  in  this 
frame,  you  can  see  how  the  parts  of  a  plane  can  be  divided  up  into  books 
that  tell  you  about  fuels,  the  plane's  power  plant,  and  its  hydraulic 
or  electr'     \  system.    The  reason  that  these  systems  are  split  up  this 
way  is  because  the  equipment  that  you  work  with  in  your  job  in  the  Air 
Force  is  too  complex  for  yo-j  to  be  able  to  find  out  everything  you  need 
to  know  from  just  one  book.    Each  of  these  new  books  has  its  own  TO 
number  and  title.    Besides  this  first  split  which  divides  the  books  into 
different  systems,  a  second  split  divides  the  systems  into  subsystems... 
Look  at  the  illustration  again.    The  six  books  at  the  top  are  subsystems 
of  bigger  ones  such  as  fuels  or  the  plane's  power  plant.    Pmall  books 
like  these  are  good  for  you  to  use  because  they  make  it  easier  for  you 
to  find  information  fast.    For  instance,  it  you  want  to  find  out  how  to 
service  a  part  in  the  environmental  system  on  a  plane,  the  first  thing 
you  would  do  would  be  to  look  at  the  TO  that  contains  information  on 
that  system  and  then  turn  to  "servicing  instructions".    Any  of  the  TOs 
that  you  will  use  in  the  Air  Force  can  be  split  up  into  sections. 

Check  the  technical  manuals  below  wl  ch  could  be  sectionalized. 


) 

a. 

Maintenance  Instructions 

) 

b. 

Operating  Instructions 

) 

c . 

Inspection  Requirements 

) 

d. 

Servicing  Instructions 

) 

e . 

Overhaul  Instructions 

) 

f . 

Illustrated  Parts  Breakdowns 

) 

All  of  the  above. 
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Answer  to  Frame  14 .  g. 


FRAME  15 


Match  the  type  of  instructions  to  the  technical  manuals,  by 
writing  the  letters  in  the  appropriate  space. 


TECHNICAL  MANUALS 


INSTRUCTIONS 


1.  21M-CGM16D-6-1 

2.  1F-100A-2-2 

3.  6J1-2-3-2 

4.  10C1-3-6-1 

5.  11F12-16-3-3 

6.  34Y1-126-1 

7.  1C-130B-1 


Inspection  Requirements       v  ) 

Maint  —  Fuel  System  (  ) 

Svc  Instr— Electronic  (  ) 

Control  Amplifier 

Opr  Instr  —  Camera,  Sound 

on  Film,  16mm  (  ) 

0/H  Instr  «  Missile 

Launch  Computer  (  ) 

Opr,  Svc,  Maint  &  Repair 
Instr  —  Reciprocating 
Compressor...  (  ) 

Fit  (Operation)  Manual         (  ) 


A.  Overhaul  (0/H) 

B.  Operation 

C.  Maintenance 

D.  Service 

E.  Inspections 


17 
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FRAME 


Tae  books  that  are  divided  up  into  sections  like  the  ones  in 
this  frame  are  easier  to  use.    They  halp  you  find  information  faster. 
Remember  also  that  any  technical  manual  can  be  divided  up  into  sections 
like  the  TO  on  maintenance  instructions. 

Check  the  different  types  of  instructions  that  can  be  found  in 
Technical  Manuals. 

(  )  a.  Overhaul 

(  )  b.  Operating 

(  )  c.  Modification 

(  )  d.  Stock  Listing 

(  )  e.  Maintenance 


Answers  to  Frame  16.         (/)  a.        (/)    b.      (  )    c.      (  )  d. 

M    «•      <  )    f.      (/)    g.      (/)  h. 


FRAME  17 


Technical  orders  containing  instructions  like  maintenance  and 
overhaul  are  usually  written  for  different  levels  of  maintenance.  Some 
examples  of  the  levels  of  work  performed  are  given  below. 


Removing  and  replacing  component  parts  and  minor  repair  of  AF 
equipment  are  normally  accomplished  by  Organizational  level  mainte- 


Bench  testing  and  major  rapairs  of  the  component  parts  of  AF 
equipment  are  normally  accomplished  by  Intermediate  level  mainten, 


Major  overhaul  or  the  rebuilding  of  the  component  parts  of  AF 
equipment  is  normally  accomplished  by  Depot  level  maintenance.  This 
maintenance  can  be  performed  by  either  a  civilian  contractor  or  an 
Air  Force  Logistics  Command  Air  Materiel  Area. 

List  the  three  levels  of  maintenance  for  which  technical  orders 
can  be  written. 


nance. 


) 


( 


( 


) 
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Answers  to  Frame  17.  (ORGANIZATIONAL)     (INTERMEDIATE)  (DEPOT) 


FRAME  18 

Match  the  level  of  maintenance  to  the  situation  requiring  their 
use.    Write  the  letters  (A,  B,  or  C)  on  the  appropriate  line. 

WORK  LEVEL  OF  MAINTENANCE 

1 .  Removal  of  a  generator  from 

an  aircraft  (  )  A.  Organizational 

B.  Intermediate 

2.  A  frequency  shift  keyer  bench  C.  Depot 
tested  in  a  shop                       (  ) 

3.  Overhaul  of  a  helicopter  rotor 
transmission  (  ) 

4.  Bench  testing  of  Collins  radio 
receiver  (  ) 
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Answers  to  Frame  18.         1.     (A)      2.     (B)      3-     (C)      4.  (B) 

FRAME  19 


The  words  -  Organizational,  Intermediate,  and  Depot,  as  used  in 
TOs,  identify  the 


(  )  a.  levels  of  maintenance  for  which  technical  orders  are 
prepared. 

(  )  b.  official  means  for  distributing  technical  orders 

(  )  c.  types  of  technical  orders, 

(  )  d.  organizations  responsible  for  procuring  technical  orders. 


21 
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Answer  to  Frame  19.  a. 


fEAME  20 

List  the  three  levels  of  maintenance  instructions  which  can  be 
contained  in  technical  manuals. 

(  )   (  )   (  > 


529 
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Answers  to  Frame  20.  (ORGANIZATIONAL)     (INTERMEDIATE)  (DEPOT) 


FRAME  21 


TIME  COMPLIANCE  TECHNICAL  ORDERS 


Technical  Orders  which  contain  instructions  for  a  modification  or 
a  one-time  inspection  of  Air  Force  equipment  are  referred  to  as  Time 
Compliance  type  technical  orders.     (Study  Examples  below) 


Time  Compliance  TOs  (TCTOs)  contain  the  following  types  of 
instructions.     (Check  appropriate  blocks) 


)  a.  Service 

)  b.  Operation 

)  c.  Modification 

)  d.  Overhaul 

)  e.  Special  (one-time)  inspection 
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Answers  to  Frame  21.         c.  e. 


FRAME  22 


The  identification  "Time  Compliance  Technical  Order"  tells  you 
that  the  instructions  must  be  done  by  a  certain  time. 

TCTOs  specify: 

•  Who  will  do  the  work  (level  of  maintenance-Organizational, 
Field,  Depot), 

•  When  work  will  be  done. 

Write  "TCTO"  next  to  the  situations  where  it  would  apply. 

A.      (       )       Modification  of  Ballistic  Computer  Shock  Mount. 
Work  to  be  done  by  Field  Maintenance  within  30  days. 

B-      (       )       Replacing  a  broken  generator  with  a  new  one. 

C.      (       )       Doing  a  routine  inspection  before  starting  a  Ground 
Power  Generator  Set. 

D*      (       )       Installation  of  Refrigeration  Modification  Kit 
Control  Circuit  Fuse  Block  on  Compressor.    Work  to  be  accomplished  by 
Depot  Maintenance  within  180  days. 

E-      (       )       Removing  a  fuel  control  valve  from  a  missile  for 
repair. 
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Answers  to  Frame  22.  TCTO.  D.  TCTO. 

FRAME  23 


Time  Compliance  Technical  Orders  (TCTOs) 

TCTO's  are  grouped  by  the  importance  and  urgency  of  the  work  to 
be  done.    The  amount  of  urgency  is  indicated  in  the  instructions 
by  telling  you  when  work  is  to  be  done.    When  a  TCTO  is  not  done  by 
the  required  date,  the  aircraft  will  be  removed  from  flying  status 
temporarily. 
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Answer  to  Frame  23.  NO  RESPONSE  REQUIRED 
FRAME  24 

In  addition  to  stating  by  whom  and  when  work  will  be  done,  TCTOs, 
state  other  requirements.     (Study  the  example  of  a  TCTO  shown  and 
answer  the  question  below.) 


MMMIMNT  Of  M  Aft  POtd 
HUDQUAJmS,  UNTO  STARS  Aft  PGM 
WASMM10N 


T.O.  1C- 1301- 120 
DATA  CODE:  0124313 
aa  JULY  1964 


INSPECTION  AND  REPOSITIONING  or  POWIR  LI  ADS 
TO  AC  POWIR  CONTACTORS  -  C-1301  AIRCRAFT 

If  wleai  verb  vHI  he  aueailbloe1:     Organlxatlofial/fleld  level  maintenance. 


Wlee  vtrfc  vW  he  etteetelheee': 


lera  eetrf  reeeeea1: 
Seoroe  etfettoe't 
lecbefcel  Ot 4ft  effected 
lestleelee  dele: 


Not  later  than  30  daje  after  receipt  of  this  technical 
order.  Failure  to  accomplieb  the  work  by  :1#  expiration 
date  ehall  mate  an  exceptional  release  mandatory 
thereafter  until  compliance  In  accomplished. 


Tea.  (See  parafrapb  7.) 

Mo. 
No. 

21  July  1»67 


I 


1.  PURPOSE: 


a.  Thin  inapectlon  assures  that  the  power  lead  terminal  lugs  are  properly  metalled  on  the  terminal  etude  of 
the'electricel  conUctore  In  the  main  AC  power  dletrlbutlon  panele.  If  a  power  lead  lug  In  not  properly  metalled, 
a  abort  circuit  between  the  barrel  of  the  lug  and  the  edge  of  the  contactor  honelng  could  occur. 

b.  Tbie  lnepection  and  the  neceaeary  power  lead  repoattkmlng  wUl  be  accomplished  on  the  following  aircraft. 
MODEL  SERIAL  NUMBER 


C-1301 


AF61-2356  through  61  2373  and  62-1764  through 
62-1606. 


Aircraft  aerial  number  AF62-1606  and  eubeequent  have  been  Inspected  am*  corrected  by  the  Contractor 
prior  to  delivery. 

2.  INSTRUCTION  DATA. 

a.  Turn  off  all  electrical  power  on  the  aircraft. 


)  a. 
)  b. 


c. 
d. 


)  e. 

)  f. 

)  8. 

)  h. 

)  i. 

)  j. 


When  th*»  work  will  be  done. 

By  whom  work  will  be  done  (level  of  maintenance) , 

Overhaul  instructions. 

Form  entries  required. 

Other  TOs  affected. 

Rescission  date  of  TO. 

Purpose  of  TO. 

Operation  instructions  for  affected  equipment. 
Instruction  data  for  performing  work. 
Equipment  applicability. 
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Answers  to  Frame  24.         (/)    a,      (/)    b.      (  )    r.      (/)    d.      (/)  e, 

(^)    f.      (/)    g.      (  )    h.      (.')    i.      (/)  j, 

FRA  *  25 

Match  the  type  of  technical  order  to  the  type  tf  instructions  it 
contains,  by  wri'xng  the  letters  "A"  or  "B11  on  the  appropriate  lines. 

INSTRUCTIONS  TYFE  OF  TO 

1.  A  special  inspection  of  all  flexible  A,  TCTO 

fuel  li^es  on  a  ground  power  unit.  B.      Technical  Manual 

Work  to  be  performed  by  Organiza- 
tional maintenance  within  3  days         (  ) 

2.  Inspecting  wheels  and  tires  on  an 
aircraft  during  a  scheduled 
inspection  (  ) 

3.  Replace  tube  TU4  with  Tube  TU6 
in  all  AlA  teletype  receivers. 
Work  to  be  performed  by  Field 
Maintenance  within  7  days  (  ) 

4.  Ground  operation  of  Aircraft 

engines  (  ) 

5.  Modification  of  shock  mounts  on 
all  Collins  Radio  Receivers.  Work 
to  be  performed  by  Field  Mainte- 
nance within  30  days  (  ) 
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Answers  to  ^rame  25.         1.  (A)    2.     (B)    3.     (A)    4.     (B)    5.  (A) 
r~lAME  26 

Check  the  items  specified  in  TCTOs. 


V 

) 

a. 

When  work  will  be  done 

( 

) 

b. 

Operating  instructions 

( 

) 

c. 

Overhaul  instructions 

( 

) 

d. 

Level  of  maintenance 
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Answers  to  Frame  26.         (/)    a.      (  )    b.      (  )    c.      (/)  d. 

FRAME  27 

Check  the  types  of  information  provided  in  TCTOs. 

(  )  a.  Routine  Maintenance  instructions 

(  )  b.  One-time  Special  inspection  requirements 

(  )  c.  Modification  instructions 

(  )  d.  Routine,  recurring  inspections 
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Answers  to  Frame  27.         (  )    a.      (/)    b.      (/)    c.      (  )  d. 


FRAME  28 


METHODS  AND  PROCEDURES  TECHNICAL  ORDERS 


Policies,  methods,  and  procedures  that  apply  to  a  wide  variety 
of  subjects,  which  are  not  in  ether  types  of  technical  orders,  are 
found  in  METHODS  AND  PROCEDURES  TCa. 

Most  technical  orders  contain  information  on  specific  weapon  systems 
or  pieces  of  equipment.    Methods  and  Procedures  TOs,  on  the  other  hand* 
are  used  to  provide  information  of  a  general  nature,  such  as: 

•  Documentation  of  historical  records  and  maintenance  forms 
for  AF  equipment. 

•  Procedures  for  processing  reparable  property. 

•  Cleaning  of  equipment  used  in  aircraft. 

•  Policies  and  procedures  on  the  technical  order  system. 

•  Inspection  of  office  equipment. 

•  Inspection  and  age  control  of  USAF  equipment. 

•  Procedures  for  operating  AF  equipment  in  the  arctic  and 
tropics. 

•  Packing  and  preservation  of  AF  equipment. 

Check  those  subjects  below  which  most  likely  would  be  contained 
in  Methods  and  Procedures  technical  orders. 

(  )  a.  Instruction  for  arctic  operation 

(  )  b.  Repair  procedures  for  an  electric  motor 

(  )  c.  Cleaning  of  aeronautical  equipment 

(  )  d.  How  to  order  technical  orders 

(  )  e.  Crating  supplies  for  shipment 

(  )  f .  Overhaul  procedures  for  a  two  cycle  engine 
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Answers  to  ^rame  28.  (/)    a.      (  )    b.      (/)    c.     (/)  d. 

(/)    e.      (  )  f. 


FRAME  29 


Match  the  type  of  technical  orders  to  the  statements,  by  writing 
the  letters  on  the  appropriate  lines. 


2.  Instructions  for  trot  Ic 
operation  of  equipment 

3.  Procedures  for  recording  data 
on  maintenance  forms 

4.  Lists  steps  in  adjusting  a 
radar  set 

5.  Instructions  for  distributing 
and  storing  of  TOs 

6.  Used  for  determining  scheduled 
inspection  requirements  for 
weapon  systems 

7.  Indicates  level  at  which  work 
will  be  accomplished 


STATEMENTS 


TYPES  OF  TOs 


1. 


Contains  procedures  for  an 
urgent  modification 


A.  Methods  and  Procedures 

B.  TCTOs 
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Answers  to  Frame  29.         1.     (B)      2.     (A)      3.     (A)      4.  (C) 

5.     (A)      6.     (A)      7.  (B) 

FRAME  30 

Select  the  statements  which  identify  subjects  found  in  Methods 
and  Procedures  TOs. 

(  )  a.  Packaging  supplies  for  shipment 

(  )  b.  Cleaning  of  aeronautical  equipment 

(  )  c.  Repairing  airborne  radio  equipment 

(  )  d.  Ordering  procedure  for  TOs 


Answers  to  Frame  30.         (O  a.        (/)  b.       (  )  c.        (/)  d, 
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OBJECTIVE 


Identify  conditions  that  would  require  the  initiation  of  a 
technical  order  improvement  import  with  80%  accuracy. 

INTROUCTION 

Throughout  this  programmed  text  you  will  be  required  to  respond 
to  the  information  in  some  manner  that  will  show  the  instructor  that 
you  are  progressing.    You  may  be  asked  to  underline  a  word  or  provide 
a  missing  word  or  even  write  information  taken  directly  from  technical 
orders.    Do  not  mark  in  this  text.    Whatever  method  is  used,  do  it 
carefully  and  progress  at  your  own  rate.    The  important  thing  is  that 
you  learn  as  much  of  this  material  as  you  can.    When  you  have  finished 
this  text,  you  will  be  called  upon  to  perform  in  the  manner  prescribed 
in  the  "Objectives. " 

INSTRUCTIONS 

This  programmed  text  presents  information  in  small  steps  called 
"frames. "    Answers  to  each  frame  will  be  found  at  the  top  of  each  even 
numbered  page.     Before  proceeding  remove  the  response  Ssheet  at  the 
back  o f  this  text.     Then  enter  your  answers  on  the  response  sheet 


Supersedes  C3ABR42331-PT-302A,  3  8  May  1982. 
OPR:     3370  TC1ITC 
DISTRIBUTION:  X 

3370  TCHTG/TTCU-P  -  350;  DAV  -  1 
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Frame  1 

A  technical  order  has  been  written  for  each  piece  of  equipment  in 
the  Air  Ijrce.    You  are  at  a  point  in  the  course  where  you  must  find  and 
use  technical  orders.    There  is  a  small  training  technical  order  file  for 
your  use  in  the  area  where  you  are  studying. 


Figure  1, 


NO  RESPONSE  REQUIRED 
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Answers  to  Frame  1:    No  Response  Required 
Frame  2 

Technical  order*  are  put  in  binders  which  are,  In  turn,  put  In  a 
TO  file  (library).  Each  binder  generally  has  more  than  one  technical 
order  In  it. 


■»  wrr. 


Figure  2. 

All  IDs  are  put  in  the  file  in  the  numerical  order  which  corresponds 
to  the  numbered  sequence  In  which  they  ar~  listed  in  their  INDEXES. 

Complete  the  following  statement. 

1.     Technical  o-dere  are  found  arranged  according  to  their   


ERIC  543       BEST  COPY  AVAILABLE 


Frame  3 , 

Below  are  exainles  of  binders  in  which  technical  orders  are  kept 
Sometimes  a  binder  may  have  just  one  TO.    Mare  often,  more  than  one  TO 
is  put  in  the  same  binder.    In  this  case,  the  label  on  the  back  side 
of  the  binder  is  marked  lo  show  which  TOs  are  in  the  binder  For 
example,  if  TO  15A1-2-2-3,  15A2-4-1-3,  and  15A2-5-1-3  are  put  in  the 
same  binder,  the  label  will  be  marked:    15A1-2-2-3  thru-  15A2-5-1-3 
This  tells  us  at  a  glance  that  the  books  are  arranged  in  order  of 
their  numerical  sequence.    Tech  orders  starting  with  the  number 
15A1-2-2-3  and  ending  with  15A2-5-1-3  are  in  this  binder. 

There  is  a  binder  number  at  the  top  on  each  of  the  labels.  These 
numbers  are  used  to  keep  the  binders  in  order  in  the  TO  file.  The 
numbers  show  at  a  glance  which  of  the  TO  binders  are  not  in  the  TO'  file 
Binder  numbers  are  put  on  the  label  above  the  "from  and  thru  numbers" 


NO  RESPONSE  REQUIRED 
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Answer  to  Frame  2:  1.  numerical  order. 
Answer  to  Frame  3:    No  Response  Required 


Frame  4 


There  are  approximately  75,000  TOs  of  all  types  in  the  Air  Force  TO 
system.    The  TOs  are  kept  in  some  type  of  TO  file.    You  will  work  with  a 
limited  or  shop  file.    Most  files  that  are  set  up  and  maintained  by  Air 
Force  bases  and  activities  are  designated  as  limited  files.    The  TOs  that 
they  have  are  limited  to  the  TOs  used  to  accomplish  the  shop  mission  and 
responsibilities.    Limited  files  are  put  in  the  work  areas  or  work  centers 
in  a  maintenance  organization.    The  environmental  systems  shop  will  have  a 
limited  file  to  use.    It  will  have  just  the  TOs  used  to  accomplish  mainte- 
nance on  the  assigned  equipment.    From  the  information  above  it  can  be 
said,   'If  you  do  not  have  the  equipment  on  hand  you  are  not  authorized 
to  have  the  TO  in  your  limited  or  shop  file." 

Answer  the  following  statements  as  true  (T)  or  false  (F). 

1.  The  TO  files  on  n^st  Air  Force  bases  are  either  a  limited  or 
shop  file. 

2.  You  are  authorized  to  maintain  a  TO  if  you  do  not  have  the 
equipment  that  the  TO  covers. 

Frame  5 

Over  75,000  TOsl  How  do  you  locate  the  one  you  need  in  a  file? 
The  Air  Force  has  put  into  use  a  numbering  and  indexing  system  to  help 
you  find  the  TOs  you- need.  Each  person  in  the  Air  Force  does  not  have 
to  know  the  TO  numbers  of  the  TOs  that  cover  all  the  equipment  th«t  Is 
on  hand.  However,  people  who  use  the  technical  order  system  must  know 
how  to  use  TO  indexes.  With  the  help. of  the  index  system  they  can  find 
the  information  they  need  for  the  equipment  that  they  maintain. 

NO  RESPONSE  REQUIRED 
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Frame  6 


In  the  Air  Force  TO  system,  the  TO  number  of  an  index  will  start 
with  a  zero.    For  example:    TO  number  0-1-01,  the  first  digit  of  the  TO 
number  is  a  zero,  so  the  TO  is  an  index,. 

Answer  the  following  statement  as  true  (T)  or  false  (F)» 

1,      The  TO  number  of  an  index  will  start  with  a  zero. 

Frame  7 

Since  there  are  so  many  TOs  in  the  Air  Fo,*ce  TO  system,  we  need  an 
index  to  list  them.    One  index  would  not  be  enough  to  list  all  the  TOs 
for  thp  many  different  types  of  equipment  in  the  Air  Force.    To  keep 
from  using  one  large  index,  there  is  a  smaller  index  for  each  type  of 
equipment.    Because  there  are  many  types  of  equipment,  there  is  an  index 
that  lists  all  the  other  indexes.    This  index  is  TO  0-1-01.    It  is  used 
when  you  need  to  find  the  index  for  a  certain  type  of  aircraft  or  category 
of  equipment.    TO  0-1-01  is  called  the  ind~~  of  indexes. 

Answer  the  following  statements  as  true  (T)  or  false  (F). 

1.  The  index  of  indexes  is  TO  0-1-01. 

2.  TO  0-1-01  is  used  to  find  the  index  for  a  type  of  aircraft  or 
category  of  equipment. 
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Answers  to  Frame  4:  1.    T       2 .  F 

Answer  to  Frame  5:  No  Response  Required 

Answer  to  Frame  6:  1 .  T 

Answers  to  Frame  7:  1.    T       2.  T 
Frame  8 


Each  digit  of  a  TO  number  has  a  meaning.    For  examplef  look  at  TO 
index  number  0-1-3.    The  first  digit  is  a  zero,  this  tells  you  the  TO 
is  an  index.    The  second  number  is  one,  this  tells  you  that  the  TOs  in 
the  index  are  in  numerical  order.    The  third  digit  is  three,  this  is 
the  type  or  category  of  equipment  that  the  index  lists  TOs  for.    If  a 
fourth  digit  is  put  on  the  end  of  the  TO  index  number,  it  would  indicate 
the  specific  information  contained  in  the  TO. 

Chick  the  best  answer  for  the  following  statement. 

1.      The  second  digit  of  a  TO  index  number  indicates 

a.  whether  or  not  it  is  an  index. 

b.  the  type  of  plane  or  category  of  equipment. 

c.  the  order  in  which  the  TOs  are  listed  in  the  index. 
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Frame  9 


Equipment  technical  orders  have  TO  numbevs  that  are  different  from 
index  TO  numbers.    You  will  now  look  at  TO  number  15X2-3-4-3' and  use  i- 
as  an  example.    The  15  indicates  the  category  of  equipment.    The  X  is 
used  to  indicate        ijor  group  of  equipment  in  the  15  category.    The  2 
Indicates  a  specii       „yPe  of  component  in'the  major  .'group.    The  3 
indicates  a  snecif^  item.    The  4  indicates  the  general  series,  model, 
part  type  or  part  number  of  the  specific  item.    The  3  at  the  end  of  the 
TO  number  tells  you  that  the  TO  has  overhaul  (0/H)  instructions  in  it. 
The  last  digit  of  an  equipment  TO  number  will  tell  you  the  kind  of  TO 
you  will  be  working  with.   


NOTE:     THESE  NUMBERS  ARE 
READ  AS  DASH  ONE,  DASH 
TWO,  AND  SO-0*?. 


-  4 


Figure  4. 

Answer  the  following  statements  as  true  (T)  or  false  (F). 

1.  The  4  in  TO  number  15X2-3-4-3  tells  you  the  kind  of  TO. 

2.  The  2  in  TO  number  15X2-3-4-3  is  used  to  show  a  specific  type  of 
p.'rt  in  the  major  group. 
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Answers  to  7rame  8:    a.    b.    c.  / 

Answers  to  Frame  9:    1.    F        2.  T 
Frame  10 

Equipment  TOs  are  used  to  give  operating  instructions,  maintenance 
instructions,  overhaul  instructions,  and  illustrated  parts  breakdowns 
for  parts  of  Air  Force  equipment. 

NO  RESPONSE  REQUIRED 


549 

10 


^Frame  11 

Aircraft  TO  numbers  differ  from  equipment  TO-  numbers.    You  will  now 
look  at  aircraft  TO  number  1C-47A-1 .    The  first  digit  is  a  cne,  this 
tells  you  the  large  category  of  equipment.    The  one  category  is  aircraft. 
The  letter  C  tells  you  the  type  of  plane,  which  is  cargo.    The  third 
digit  is  47,    this  tells  you  the  model  of  the  plane.    The  letter  A  stands 
for  the  series  of  the  plane.    The  fifth  digit  of -the  TO  number  is  also 
a  one.     This  one  tells  you  the  kind  of  TO  or  information  found  in  "the" 
TO.    The  TO  ma>  be  a  flight  manual  or  illustrated  parts  breakdown,  or 
it  may  have  maintenance  or  overhaul  instructions  in  it.    The  one  on  the 
end  of  TO  number  1C-47A-1  tells  you  that  the  TC  is  a  flight  manual. 

Some  examples  of  aircraft  TO  numbers  are  shown  below. 


Category  Type 


Model  Series 


Information 


C 

Cargo 
K 

Helicopter 


47 


19 


B 


1  Fit  Manual 
1  Fit  Manual 


B 

Bomber 


52 


2  Maintenance  Instructions 


B 


52 


52 


3  Strur;ural  Repair 
(Overhaul  Instructions) 

4  IPB  (Illustrated  Parts 
3reakdown) 


Answer  the  following  statements  as  true  (T)  or  false  (F). 

1.  The  second  digit  of  an  aircraft  TO  number  tells  you  the  model 
of  the  plane. 

2.  The  third  digit  of  an  aircraft  10  number  tells  you  the  kind  of 
information  that  is  in  the  TO. 
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Answer  to  Frame  10:    No  Response  Required 


Answers  to  Frame  11:    1.    p       2.  F 
Frame  12 

Jill  flfth  digit  of  an  aircraft  TO  number  tells  you  the  type  of 
information  contained  in  the  TO.    When  the  TO  is  for  a  small  piece"of 
equipment,  no  further  identification  is  used.    On  large  pieces  of  equip- 
ment, a  sixth  digit  is  used  to  show  the  systems  of  the  piece  of  equipment. 
For  example,  aircraft  TO  number  1F-111A-4-6  tells  you  the  TO  is  an 
illustrated  parts  breakdown  (fifth  digit  is  -4)  for  F111A  plane.  The 
sixth  digit  (-6)  tells  you  the  TO  has  in  it  "Power  Plant  and  Related 
Systems"  of  the  F111A  aircraft. 

Complete  the  following  statement. 

1.     A  sixth  digit  is  added  to  an  aircraft  TO  number  to  tell  you 
tne  of  the  piece  of  equipment. 

Frame  13 

Aircraft  TOs  are  used  for  operating  instructions,  maintenance 
instructions,  overhaul  instructions,  and  illustrated  parts  breakdowns 
for  planes.    Operating  instructions  tell  you  how  to  operate  the  plane, 
such  as  how  to  start  the  engine.    Maintenance  instructions  tell  how  to 
repair  the  whole  plane.    Overhaul  instructions  tell  what  has  to  be  done 
to  make  major  repairs  on  parts  of  the  plane.    Illustrated  parts  break- 
downs (I?B)  list  all  the  parts  on  the  plane  by  nomenclature  (name  and 
description)  and  part  number.    iPBs  are  used  to  order  replacement  parts, 
iney  are  also  used  to  locate  parts  on  che  aircraft. 


NO  RESPONSE  REQUIRED 
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4 


Frame  14 


9 

ERIC 


Below  Is  a  check  to  see  how  well  you  remember  and  understand  the 
information  given  so  far. 

Complete  the  following  statements. 

1.      All  TO  indexes  are  listed  in  TO  C-l-01  which  is  called  the 


In  TO  number  15X2-3-4-3  the  last  digit  of  the  number  (-3). 
tells  you  this  TO  provides   instructions. 

3.      Sometimes  you  will  find  more  than  one  T2  in  the  same 


4.      All  TOs  are  lined  up  in  their  binders  and  on  the  shelves 
according  to  their   and  not  by  their  size8 

»u  J?\  In  aircraft  TO  number  1C-47A-1  the  last  digit  (-1)  indicates 
the  TO  is  a 


Frame  15 

You  have  learned  the  types  of  TOs  and  what  they  are  used  for.  Now 
you  will  learn  how  information  can  be  taken  from  a  TO  and  used. 

NO  RESPONSE  REQUIRED 
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Answer  to  riaiu<.   I'l:     i.  hyut^M*- 


Answer  to  Frame  13;    No  Response  Re4.1i.rfd 

Answers  to  Frame  14;    1.    Index  of  Indexes      2.    Overhaul      3.  binder 
4 .     number      5 .     flight  manual 

Answer  to  Frame  L5:    No  Response  Required 
Frame  16 

indexes  in  the  Air  Force  TO  system  are  posted  to  aid  the  mechanic 
in  locating  TO^  in  a  shop  or  limited  TO  fiJe.    Two  symbols  are  used  for 
posting  indexes.    The  symbols  are  the  plus  (+)  and  the  minus  (-)  symbols. 
All  TOs  chat  are  required  in  the  shop  TO  file  will  have  one  of  the  symbols 
marked  to  the  left  of  the  TO  number  in  the  numerical  indexes.    The  symbols 
iLr.e  marked  in  pencil.     The  plus  (+)  symbol  tells  you  the  TO  is  required 
Ik  rhe  .  1le,  is  on  hand,  up-to-date,  and  no  pages  are  nisslng.  The 
mini*.  (-)  symbol  tells  you  that:     (1)     the  maintenance  shop  is  authorized 
tbe  TO,  but  if  is  not  on  file,     (2)     th-  TO  is  on  file,  but  not  up-to-date, 
(3;     the  TO  is  on  file,  but  some  of  the  pages  are  not  in  the  TO.     If  a 
mechanic  sees  a  MINUS  f -)  symbol  in  *n  index  for  a  TO  he  is  frying  to  find, 
hp  should  waste  no  more  time.     The  TO,  if  on  file,  will  not  be  in  any  con-' 
ciJ^i-q  u,  be  used. 

A-:,ver         following  .tlons. 


1  <  ' 


a  T:'c  ^V'1  rnat  ^  used  to  indicate  a  TO  has  some  pages  miusLrig 
    symbol. 


2.      The  symbol  that  is  used  to  innate  a  TO  is  up-to-date  is  the 

symbol r 


4 
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la  F  %T  COPY  AVAILABLE 

- 1  :*-  -  "  -     ■    '          iMd^ti^  U  iU   rt^J  '     £  ' 


Frame  17 


The  Air  Force  TO  system  has  an  ALPHABETICAL  INDEX,  (0-2-1)  f  to  help 
you  locate  hard-to-find  information.    The  TO  number  starts  with  a  zero 
so  it  is  an  index.     The  second  digit  is  a  2  which  tells  you  that  every- 
thing in  it  is  listed  alphabetically.    This  TO  is  used  to  find  the  INDEX 
for  a  CATEGORY  of  equipment. 

Complete  the  following  statement,  ' 

!•      The  TO  that  is  used  to  find  hard-to-find  information  is 

TO  

Frame  18 

At  times  a  correction  or  addition  may  have  to  be  made  to  a  TO,  As 
equipment  changes  and  new  parts  are  made,  the  procedures  in  the  TO  must 
be  brought  up-to-date,    A  TO  is  corrected  by  a  CHANGE.    A  SUPPLEMENT  is 
something  added  to  a  basic  TO  such  as  a  new  model  or  type  of  some 
equipment,    A  CHANGE  is  something  that  must  be  corrected  in  the  TO, 


NO  RESPONSE  llEQUIRED 
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Answers  to  Frame  16:    1.    minus      2.  plus 


Answer  to  Frame  *7:    1.  0-2-1 

Answer  to  Frame  18:    No  Response  Required 

Frame  19 

A  SUPPLEMENT,  as  we  have  said,  has  information  that  must  be  ADDED 
to  the  TO.    Below  are  two  statements.    One  shows  the  need  for  a  SUPPLEMENT 
and  the  other  shows  the  need  for  a  CHANGE.    Label  them  to  show  which  will 
be  a  change  and  which  will  be  a  supplement. 

1.      The  TO  is  amended  to  add  ignition  unit,  model  925C1A,  which 
will  be  overhauled  and  tested  in  accordance  with  the  instructions  given 
in  sections  II  and  III.    This  will  be  a 


2.      NOTICE:    Page  17,  paragraph  19b,  Is  changed  to  read,  ...  torque 
the  bolt  to  40  inch  pounds  .  . .    This  will  be  a  . 
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Frame  20 


When  a  TO  is  changed,  a  change  date  is  put  right  below  the  basic 
date.    The  basic  date  of  a  TO  is  the  day  that  it  was  published.  The 
basic  date  of  a  TO  will  only  change  when  there  is  a  revision  to  the  TO. 
(A  revision  is  a  new  TO  including  all  the  current  changes.)    A  revision 
is  made  after  80%  of  the  TO  has  been  changed.    When  a  revision  replaces 
the  old  TO,  it  will  carry  a  new  basic  date,  and  the  old  TO  is  discarded. 
By  putting  a  change  date  below  the  basic  date,  the  mechanic  can  find  out 
if  the  TO  he  is  using  has  up-to-date  information  or  not-    This  is 
determined  by  checking  tn  see  it  the  change  date  on  the  TO  raatchec  the 
change  date  that  is  fei^en  for  that  TO  in  the  index.    The  basic  date  of 
the  T0  should  also  match  the  basic  date  that  the  index  gives  for  that 
TO. 

Select  the  best  answer  for  each  question. 

1,  The  change  date  on  the  title  page  of  a  TO  is  located 

a,  above  the  basic  date. 

b,  to  the  left  of  the  basic  date, 

c,  to  the  right  of  the  basic  date. 

d,  below  the  basic  date. 

2.  The  basic  date  of  a  TO  is  the 

a.  date  it  was  changed, 

b.  date  it  was  published, 

c,  date  .t  arrived  in  the  shop. 

d ,  date  of  the  second  change , 


Answers  to  Frame  19:    1.    Supplement      2.  Change 


Answers  to  Frame  20:    1,    4         2.  J>_ 
Frame  21 

To  find  information  in  a  TO  there  are  steps  that  you  must  take.  The 
first  step  is  to  find  in  the  "Index  of  Indexes"  (0-1-01),  the  index  for 
the  category  of  equipment  that  you  are  working  wi*h.    If  you  were  looking 
for  the  index  for  fighter  aircraft,  you  go  to  Part  1  of  TO  0-1-01  and 
look  down  the  titles  to  find  fighter  aircraft.    Then  you  would  look  to 
the  left  of  the  title  to  find  the  number  of  the  index  that  you  are  going 
to  need.    The  basic  date  and  change  dates  will  be  to  the  right  of  the 
title  for  that  index. 

Check  the  following  statements  as  true  (T)  or  false  (F). 

1-      The  title  and  number  of  an  index  for  a  category  of  equipment 
is  found  in  Part  1  of  TO  0-1-Cl. 

The  index  number  for  a  category  of  equipment  may  be  found  to 
the  right  of  its  title  in  TO  0-1-01. 
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Frame  22 


When  you  have  found  the  number  of  the  TO  index  that  you  are  looking 
for,  you  would  remove  that  TO  from  the  TO  file.    Once  you  have  the  index, 
you  would  lock  in  the  table  of  contents  to  see  which  page  lists  the 
specific  type  or  fighter  that  you  need  information  for.    The  table  of 
contents  is  the  only  way  to  locate  information  in  a  TO  index.    You  would 
then  turn  to  that  page  and  look  down  the  titles  to  find  the  title  of  the 
TO  that  covers  the  particular  system  you  are  working  on,    Wheu  you  find 
the  title  of  the  TO  that  you  are  looking  for,  look  to  the  lefc  of  the 
title  and  find  the  TO  number.    Also  look  to  the  right  of  the  title  and 
look  at  the  basic  date  and  change  dates,  if  any.     The  part  numbei  of 
the  piece  of  equipment  that  the  -D  covers  will  be  to  the  right  of  the 
TO  title.    The  part  number  is  useful  in  that  it  can  help  identify  the 
TO  for  a  specific  piece  of  equipment.     The  same  part  may  have  been 
changed  slightly  so  it  has  a  different  part  number. 

Complete  the  following  statement. 

1.      The  number  of  a  page  that  contains  specific  information  in  a 
TO  may  be  found  in  the  TO's  


Once  you  know  t'.ie  number  of  the  TO  that  you  are  looking  for,  you 
can  remove  it  from  the  TO  file.    The  first  thing  that  you  check  is  the 
basic  dnte  of  the  TO.    The  basic  date  is  in  the  lower  right  hand  corner 
of  the  title  page.    This  date  should  match  the  basic  date  that  is  given 
to  the  right  of  the  title  of  the  TO  in  the  index.     Tf  the  two  dates  do 
not  match  then  the  TO  or  the  index  are  not  up-to-date.    Also,  if  the 
change  date  that  is  given  to  the  right  of  the  title  in  the  index  does 
not  match  the  change  date  on  the  TO,  then  one  or  the  other  of  the  TOs 
are  not  up-to-date.    The  change  date  of  a  TO  is  found  in  the  lower 
right  hand  corner  of  the  TO  title  page,  directly  below  the  basic  date. 

Complete  the  following  statement. 

1.      The  change  date  of  a  TO  is  found  to  the   

of  the  title  of  the  TO  in  the  index. 


Frame  23 


BEST  COPY  AVAILABLE 


Answers  to  Frame  21:    1.    T  ,       2.  F 
Answer  to  Frame  22:      1.    table  of  contents 
Answer  to  Frame  23:    1.  right 
Frame  24 

In  all  TOs  there  is  an  "A"  page  which  is  on  the  back  side  of  the 
title  page.    The  "A"  page  is  titled  MList  of  Effective  Pages".    The  "A" 
page  lists  all  the  pages  in  the  TO.    This  page  tells  you  the  pages  of 
the  TO  that  have  been  changed  and  the  pages  that  are  original  (have  not 
been  changed). 

NO  RESPONSE  REQUIRED 

Frame  25 

The  table  of  contents  tells  the  reader  what  is  found  inside  the 
TO,  by  page  number.    To  look  up  some  information  in  a  TO  you  have  to 
look  in  the  "Table  of  Contents11  first.    In  the  "Table  of  Contents"  you 
can  find  the  page  number  for  the  information  you  need.    By  turning  to 
that  page  you  do  not  have  to  thumb  through  the  TO  to  find  what  you  are 
looking  tor. 

Answer  the  following  question. 

1.      When  looking  for  information  in  a  TO  the  first  place  you  look 
is  in  the 

a.  table  of  contents. 

b.  index. 

c.  part 8  listing. 

d.  list  of  effective  pages. 


559 


Frame  26 


When  you  know  what  page  the  information  you  need  is  on,  you  can 
turn  right  to  it.    This  saves  time  and  speeds  up  maintenance  on  equipment, 

'  NO  RESPONSE  REQUIRED 

Frame  2  7 

Another  kind  of  TO  you  will  be  using  is  the  Illustrated  Parts 
Breakdown  (iPB) ,  (-4) .     This  manual  lists  all  the  parts  used  on  an 
aircraft  by  nomenclature  (name  and  description)  and  part  number.  This 
information  is  used  to  order  replacement  parts.    It  can  be  helpful  in 
showing  locations  of  parts  on  an  aircraft.    This  is  not  the  main  use, 
but  it  is  very  important.    This  manual  also  contains  an  exploded  view 
of  all  the  parts  that  make  up  a  major  assembly.    The  IPB  (-4)  tells 
how  many  of  each  part  are  on  an  assembly.    There  will  be  code  letters 
or  numbers  to  let  you  know  which  aircraft  use  the  parts.    In  the 
following  frames  you  will  learn  how  to  use  the  IPB. 

Answer  the  statements  below  as  true  (T)  or  false  (F), 

1.  The  information  in  the  IPB  is  used  only  by  supply. 

2.  The  IPB  is  used  primarily  for  ordering  replacement  parts. 

3.  From  the  information  in  the  IPB  you  can  find  out  which  parts 
may  be  used  on  a  specific  aircraft. 


5G0 


Answer  to  Frame  24:    No  Response  Required 


Answer  to  Frame  25:    1.  a. 
Answer  to  Frame  26:    No  Response  Required 
Answers  to  Frame  27:    1.  _F_       2.    T         3.  T 
Frame  28 

An  IPB  may  be  made  up  of  more  than  one  volume.    In  each  of  the 
volumes  the  foreword  part  tells  what  information  is  covered  in  the  other 
volumes  of  the  IPB  (-4).     It  does  this  by  listing  the  other  volumes  of 
the  IPB  and  the  systems  covered  in  them. 

Answer  the  statement  as  true  (T)  cr  false  (F). 

1.      There  is  usually  more  than  one  volume  to  the  IPB, 

Frame  29 

In  an  IPB  the  figures  are  pictures  of  assemblies  on  the  aircraft. 
The  figures  show  exploded  views  of  the  parts  that  make  up  the  assembly* 
Parts  that  are  shown  in  the  figures  are  identified  by  index  numbers. 
NOTE:    DON'T  CONFUSE  INDEX  NUMBERS  WITH  TO  INDEXES.     THEY  ARE  TWO 
DIFFERENT  THINGS.    Index  numbers  are  the  small  numbers  that  are  by 
each  part  shown.    Index  numbers  are  used  to  find  the  nomenclature 
(name  and  description)  of  parts  used  on  an  assembly.    By  using  the 
index  number,  figure  number,  and  volume  number  of  the  IPB,  a  specific 
part  can  be  identified.    With  each  figure  there  is  a  parts  list.  The 
parts  list  has  the^.yolurae,  figure,  and  index  numbers,  part  numbers, 
nomenclature,  units  per  major  ass<  My  and  usable  on  codes.  The 
usable  on  code  tells  you  the  specific  plane  the  part  can  be  used  on 

Answer  the  statements  as  true  (T)  or  false  (F). 

1.      A  part  can  be  identified  by  using  the  volume,  figure,  and 
index  numbers . 

^.      Usable  on  codes  tell  which  aircraft  a  part  may  be  used  on. 


ER?C 
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Frame  30 


The  IPB  clso  contains  a  numu.  '     1     _*x  of  all  part  numbers  of  parts 
used  on  the  specific  aircraft.    When  just  the  part  number  is  itnown,  this 
index  can  be  used  to  find  the  name  and  the  place  of  the  part  on  the 
i-'rc-i  ft.    The  numerical  index  is  a  list  of  the  part  numbers  ir  alphabetical/ 
IJmerlcal  order.    The  volume,  figure  and  index  numbers,  source  codeTT^d 
repair  codes  are  also  listed  in  the  numerical  index. 

Answer  the  following  question. 

1.      The  numerical  index  of  part  number.*  is  a  list  of  the  part  numbers 

ic  /    or.  j. 


rrame  31 


The  AFTO  Form  22,  Technical  Order  System  Publication  Improvement  and 
Reply  Report,  is  used  for  recommending  improvements  in  TOs.    The  report 
is  made  to  correct  errors  of  a  technical  nature  that  prevent  proper 
performance  of  maintenance.    An  improvement  ~  :>rt  is  not  used  to  correct 
errors  of  a  nontechnical  nature.    TO  00-5-1,  AF  Technical  Order  System 
(Section  IV),  covers  in  detail  the  procedures  and  entries  for  the 
Technical  Order  Improvement  Reporting  System". 


type 


Answer  the  following  questions. 

1.      TO  it  movement  reports  are  used  for  correction  of  data  of  what 


What  TO  covers  procedures  and  form  entries  for  the  Technical 
Order  Improvement  Reporting  SysLem? 
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Answer  to  Frame  28:    1,  T 


A»     its  to  Frame  29:    1.  JT_       2.  JT_ 
Answer  to  Frame  30:    1.  alphabetical/numerical 
Answers  to  Frame  31:    1.    technical      2.  00-5-1 
Frame  32 

You  will  be  concerned  with  making  entries  in  blocks  5  through  11  of 
the  form.    Why  Just  these  blocks?    The  reason  for  thi^»  is  that  hlocks  1 
th-ough  4,  12  and  13  are  filled  out  by  the  Quality  Control  ofri^.  on 
your  base.    Refer  to  the  AFTO  Form  22,  figure  1.    The  block  entries 
are  made  as  follows: 


BLOCK  5.    Enter  the  basic  date  of  the  TO  that  appears  ^n  the  title 
page. 

BLOCK  6.    Enter  the  date  of  the  TO  change,  if  the  improvement  involves 
a  page  identified  with  a  change  date  or  number. 

BLOCK  7.    Enter  the  page  or  card  number  which  the  improvement  involves. 
When  more  than  one  page  or  card  number  is  involved*  enter 
only  the  first  number  and  explain  in  block  10. 

BLOCK  8.    Enter  the  identif- catio *  of  the  specific  paragraph(s) 
affected  as  it  appears  on  the  page  involved.  Example: 
Para  "-109  or  A  (2). 

3L0CK  9.    Enter  the  number  of  the  figure  (illustration)  that  Is 
affected  by  the  impr?  ement. 


Answer  the  following  question. 

1.      Whirli  block-  do  you  fill  out  on  the  AFTO  Form  22  when  making  an 
improvement  report?   


erJc 
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Frame  33 


Four  separate  entries  are  made  in  Block  10: 

1.  This  Report  Concerns.     Enter  the  specific  aerospace  system  when 
it  is  not  included  in  the  TO  number.    Also,  if  an  aerospace  system  is 
not  affected,  identify  the  equipment  system  or  ind  vidual  item  of  equip- 
ment affected. 

2.  Discrepancy.     Enter  a  short  and  understandable  description  of 
the  TO  deficiency, 

3.  Recommended  Change.    The  change  reconnended  givfcr  the  exact 
language  that  should  appear  in  the  corrected  technical  order.    You  can 
attach  additional  sheets  of  paper  if  needed.    The  improvement  report 
number  must  be  shown  in  the  upper  right-hand  corner  of  each  sheet  attached. 

4.  Reason  for  Change.     Enter  the  reason  for  making  the  improvement 
report.    Examples,    Decrease  safetv  hazards  when  performing  maintenance 
or  will  save  X  number  of  man-hours  of  work  when  perf  .ming  maintenance 

on  a  system,  etc. 

BLOCK  II.    Enter  the  signature,  office  symbol  an**  telephone 
extension  of  the  individual  making  the  report. 

Answer  the  follovzing  question. 

What  are  the  four  separate  entries  in  Hock  10  of  the  AFTO  Foinn  22? 
1.  3. 


2,  4. 
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Answer  to  Frame  32:  1. 


5  thru  11 


Answers  to  Frame  33:  1. 


This  Report  Concerns 


2. 


Discrep 


3. 


Recommended  Change 


4. 


Reason  for  Change 


Frame  34 


The  lower  section  of  the  AFTO  Form  22  is  for  "Major  ComnanJ  Action'1. 
A  major  command  uses  this  section  to  approve  or  disapprove  the  report 
and  gives  the  reason  for  its  approval  or  disapproval.    One  copy  of  the 
form  will  be  sent  to  the  Quality  Control  office  on  your  base,  you  can 
then  see  the  action  that  was  taken. 


When  you  make  a  TO  improvement  report,  you  will  have  to  follow  the 
Inst  uctions  in  TO  00*5-1,  Air  Force  Technical  Order  System.    The  Quality 
Control  office  will  answer  ary  questions  you  have  on  filling  out  a  10 
improvement  reporL. 


NO  RESPONSE  REQUIRED 


Frame  35 


NO  RESPONSE  REQUIRED 


Answer  ro  Frame  34:     No  Hesponse  Required 


Ai'Kwcr  la  Frame  35:     No  Response  Required 
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OBJECTIVES 

1.  State  the  general  principles  of  the  technical  order  system  by 
a  minimum  of  8  of  10  questions  correctly. 

2.  Determine  procedural  instructions  contained  in  time  compliance 
technical  orders  by  answering  a  minimum  of  4  of  5  questions  correctly. 

3.  Identify  conditions  that  would  require  the  initiation  oZ  a 
technical  order  improvement  report  with  1002  accuracy  * 

">NTR0lJCTI3N 

Let's  suppose  that  one  day  you  reported  to  work,  and  your  supervisor 
pulls  you  a&id*  »ad  says...  "Airman,  we  have  this  problem  in  che  Transient 
Alert  Section,  it  seems  that  the  Tresidont  v  is  flying  to  Camp  David,  when  for 
some  reason  the  aircraft  pressur izat ion  system  malfunctioned,  and  now  th  i 
aircraft  will  not  hold  any  pressure.     I  know  that  you  take  a  great  deal  of 
pride  in  your  job,  and  are  always  doing  outstanding  work,  and  following  the 
technical  order  to  the  fTf.     I  also  realize  that  you  have  no  experience  working 
on  this;  typ3  of  aircraft,  but  it  is  very  important  that  we  put  the  best  person 
available,  on  the  job.     I  want  ypu  to  know,  that  I  want  vmj  to    o  this  1ob,  and 
as  soon  as  everything  is  completed  and  all  the  symbols  have  been  cleared  you 
may  go  home,  and  have  the  rest  of  the  day  off;  but  you  will  not  be  allowed  to 
leave  until  the  job  is  1007  complete  " 

You  accept  the  responsibility,  and  go  to  the  base  TO  library.    You  walk 
into  this  large  room,  and  ail  you  see,  for  what  seems  like  miles,  is  TOs. 
Ceiling  to  floor,  and  wall  to  wall  of  nothing  but  TOs.    You  scratch  your  head 
^nd  say...  "WOW,  where  dc  I  begin?"    Well,  unless  you  know  something  about  the 
TO  system  and  how  it  works,  you  could  be  in  for  a  very  long  day,  just  trying  to 
find  the  correct  TO. 

In  this  lesson  we  will  discuss  the  TO  system;  Time  Compliance  Technical 
Orders  (TCIOs) ;  and  also,  how  to  initiate  changes  to  TOs. 
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SECTION  I 

TECHNICAL  ORDER  SYSTEM 

The  Air  Force  has  THOUSANDS  of  pieces  of  equipment,  along  with  HUNDREDS 
of  THOUSANDS  of  TOs.     There  are  five  basic  types  of  TOs  used  in  the  Air  Force. 
They  are: 

1.  Indexes 

2.  Methods  and  Procedures 

3.  Technical  Manuals 

k.      Time  Compliance  Technical  Orders  (TCTOs) 
5.      Abbreviated  Technical  Orders 

All  TO  numbers,  regardless  of  the  type  of  TO  you  are  using,  will  contain 
at  l^ast  three  or  more  parts.    Each  part  will  be  separated  by  a  dash.  Example. 
1F-111A-06    00-20-2-2,  1T-38A-6WC-2,  0-1-1-2,  1C-141A-801.     '.he  five  examples 
of  TO  numbers  is  an  example  of  the  five  types  of  TOs  you  will  be  using  som< *  me 
in  your  Air  Force  career.     Some  of  f-.se  TO  types  you  should  already  be  familiar 
with. 

Compliance  with  Air  Force  TOs  is  mandatory      Technical  Order  instructions 
nlav  a  critical  role  in  achieving  system  and  equipment  readmess.     Let  us  bepin 
our  lesson  on  the  TO  system,  by  discusssing  the  five  types  of  TOs  individually . 

INDEXES 

These  ■      show    he  status  of  all  TOs ,  they  provide  a  means  of  selecting  needed 
TOs  and  group  TOs  pertaining  to  specific  items  of  equipment.    There  are  two  types 
of  indexes  used  by  the  Air  Force. 

•  Alphabetical 

•  Numerical 

The  alphabetic  index  is  used  only  when  the  type  of  equM-^nt  i-> 
Examp  el    Aircraft,  engines,  oxygen  converters,  air  conditioning  system  and  etc  . 
?he  anhabe  ical  index  will  refer  you  to         numerical  irie,  bv  Riving  you  the 
category  number  for  the  equipment,  or  the  THIRD  PART  of  the  numerical  index  .0 
number      For  example:     If  you  wanted  the  Aircraft  rumerical  index,  y^u  would  go 
Tthe'alphabeacal  index/look  up  Aircraft,  and  across  from  this  subject  you 
would  find  a  number  1.    Now  that  you  have  a  number    you  can  go  to  Maintenance 
index    and  find  the  number  of  t>.2  TO  that  you  need  in  oide-  to  do  the  maintenance, 
or  inspection  on  the  aircraft.    The  main  thing  to  keep  iu  rind  wh.n  using  an 
alphabetical  index  is  to  begin  with  the  largest  item  that  you  are  going  to be 
waking  with,  and  "whittle"  ycur  way  down  to  the  actual  item  you  will  be  w  r 
on      So,  the  alphabetical  index,  will  refer  ycu  to  the  applicable  numerical  index. 

All  index  TO  numbers  begin  with  the  number  zero  (0)  by  itself,  in  j£  "r« 
part.     So,  whenever  you  see  a  number  like  0-1-1-2,  you  can  tell  by  the  first  par. . 
that  you  are  looking  at  an  index  lype  TO. 
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The  second  part  of  an  index  TO  number  identifies  if  the  information  in 
the  indax  is  going  to  be  listed  numerically,  or  alphabetically-  Example: 
In  the  TO  number  0-1-1-2,  the  one  in  the  second  part  identifies  rhis  is  a 
nu-icrical  index,  and  all  the  information  inside  will  be  listed  numerically. 
T7  we  were  u-slng  TO  number  0-2-1,  the  two  in  the  second  part  would  iden  ify 
this  is  an  alphabetical  Index.     Remember,  an  0-2,  will  refer  you  to  an  0-1. 

The  third  part  of  an  index  TO  nu-nber  identifies  the  TO  category  of 
equipment.     Example:     In  the  TO  number  0-1-1.-2,  the  one  in  the  trird  part, 
will  identify  the  TO  category.     In  this  case,  the  number  one  category,  identifies 
aircraft.    So,  by  reading  the  TO  numbei,  and  using  what  we've  already  learned, 
we  would  read: 


0-1-1-2 


0-1-1-2 


0-1-1-2 


INDEX 


NUMERICAL 


AIRCRAFT 


0-2-1 


ALPHABETICAL 

As  stated  before,  all  TO  numbers  must  contain,  THREE  OR  MORE  par.s;  out  in 
our  example  that  we  are  using  (0-1-1-2),  has  four  parts.    What  does  the  fourth 
part  of  an  index  TO  number  identify?    The  fourth  part  identifies  a  specific 
type  in  a  TO  category.    Example:    0-1-1-2,  the  two  in  the  fourth  part,  identifies 
BOMBER.    On  the  bottom  of  this  page,  you  will  find  a  list  of  index  TO  numbers, 
along  with  a  description  of  each  part. 

0-1-1-1,  Index  -  Nunerical  -  Aircraft  -  XLL 


0-1-1-2, 

0-1-1-3,  " 

0-1-1-4,  " 

0-1-1-5,  " 


BOMBER 

CARGO 

FIGHTER 

ATTACK,  HELICOPTER , 
0BSERVA.   ON,  UTTLIT 
and  TRA  IER. 


All  TO  numbers  fcuud  in  the  above  indexes  will  begin  with  the  number  1. 
Example:     In  the  0-1-1-1,  ALl  TC  numbers  will  begin  with  the  number  1,  with 
no  letter  to  identify  the  type  of  aircraft,  because  this  index  pertains  to 
all  aircraft,  general  information.     In  the  0-1-1-2,  the  TO  numbers  will  begir, 
witn  IB-identifying  Aircraft/Bomber.     In  index  0-1-1-3,  all  TO  numbers  listed 
will  begin  with  lC-identif ying  Aircraft/Cargo.     In  the  0-1-1-4,  the  TO  numbers 
will  begin  with  lF-Aircraf t/Fighter,  in  the  0-1-1-5,  the  TO  nei^ers  will  begin 
with: 
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1A~ Aircraft/Attack 

lH-Aircraf t /Helicopter 

*1L-Aircraf t/Observation 

lU-Aircraf t/Ut iiity 

IT-Aircraft /Trainer 

*Note:     I's  and  O's  are  not  used  in  TO  numbers  to  avoid  confusion  with 
Roman  Numerials. 

0-1-01,  All  of  the  numbers  found  in  this  index,  will  begin  with  a  zero 
(0).    This  index,  lists  all  INDEXES  in  numerical  order. 

0-1-02,  All  of  the  numbers  found  in  this  index  will  begin  with  a  double 
zero,  (00).    These  are  general  information  type  TOs,  and  will 
be  discussed  in  the  next  paragraph. 

0-2-] ,    All  the  TOs  listed  in  this  index  will  be  listed  alphabetically. 

This  index  liscs  aircraft  TO  categories.     It  will  refer  you  to  a 
numerical  index. 

0-1-15,  All  TO  numbers  in  this  index  will  begin  with  the  number  15.  It 
covers  aircraft  and  missile  temperature  control,  pressurization , 
air  conditioning,  heating,  ice  elimination,  and  oxygen  equipment 
TOs. 

METHODS  AND  PROCEDURES 

These  TOs  establish  policies  and  prescribe  procedures  relating  to  such 
subjects  as  the  TO  System,  Preventive  Maintenance,  Scheduled  Inspections, 
Maintenance  Management,  Maintenance  Data  Collection.    Methods  and  Procedures 
TOs  are  general  in  content  and  are  not  issued  against  specific  equipment  or  systems. 
They  usually  pertain  to  things  that  are  in  common  in  a  lot  of  areas.    There  are 
two  classes  of  Methods  f»nd  Procedures  TOs: 

•  Those  which  involve  policies,  methods  and  procedures  relating  ^o 
ground  handling  of  aerospace  vehicles,  management  of  precision 
measurement  devices,  and  safe  use  of  Air  Force  equipment. 

•  Those  which  involve  policy,  methods  and  procedures  relating  to 
maintenance  management  administration,  or  inspection  of  Air  Force 
equipment,  and  control  and  use  or  reparable  assets. 
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All  of  the  methods  and  procedures  TOs  will  begin  with  the  number  00 
in  the  first  part,  and  will  be  listed  in  the  0-1-02  TO.    Some  examples  of 
methods  and  procedural  TOs,  are  listed  below. 

00-5-1,  Methods  and  Procedures  pertaining  to  the  TO  system 

00-5-2,        "         "  "  "  "    "    ^_  distribution  system 

00-5-15,      "         M  "  "  "    "  TCTOs 

00-20-1,      "         "  M  "  11    "    Preventive  Maintenance 

Program. 

00-20-2,  Methods  and  Procedures  pertaining  to  the  Maintenance  Data  Syst 

00-20-2-2,  On  Equipment  maintenance  documentation  for  aircraft 

00-20-2-4,  Maintenance  Documentation  for  In-  shop  engine  maintenance 

C0-20-2-10,  Off-Equipment  maintenance  documentation  for  shop  work. 

00-20-5,  Aircraft  Drone,  and  air-launched  missile  inspections,  flight 
reports,  and  supporting  maintenance  docuuents. 

TECHNICAL  MANUALS 

These  types  r\  TOs,  cover  installation,  operation,  maintenance  and  handling 
of  Air  force  equipment  and  material.     Complex  systems  or  equipment  requiring  a 
specific  type  of  manual,  such  as  a  maintenance  manual  or  a  parts  breakdown,  may 
be  published  in  sections.     Each  section  constitutes  a  separate  publication  with 
a  separate  TO  number.    Example:    Let's  assume  the  air  conditioning  system  on  the 
B-5^B  aircraft  is  so  complex,  that  it  needed  to  be  placed  into  two  separate 
sections.    The  publisher  could  divide  the  maintenance  manual  or  Illustrated  Parts 
Breakdown  (IPB)  into  two  sections.    One  section  pertains  to  "Hot  air  distribution1 
while  the  other  section  pertains  to  the  "Cold  air  distribution."    Because  these 
TOs  are  divided,  it  now  requires  that  each  section  will  be  listed  as  a  separate 
publication,  with  a  separate  TO  number  assigned  tc  each  one. 

The  title  and  TO  number  would  be  similar  to  this: 

"Maintenance  Instructions ,  Hot  air  distribution,  Air  Conditioning  System 
B-52B  aircraft."    TO  //1B-52B-2-6-1 

"Maintenance  Instructions,  Cold  air  distribution,  Air  Conditioning  System 
B-52B  aircraft."    TO  //1B-52B-2-6-2 

Ir  the  publisher  decided  co  separate  a  complex  system  in  an  Illustrated 
Parts  Breakdown  (IPB)  TO,  it  would  be  similar  to  the  example  above,  only 
pertaining  to  the  IPB. 
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" 1 llujtrated  Partb  Breakdown,  Hot  air  distribution,  Air  Conditioning 
System  B-52B  aircraft"     TO  //1B-52B-4-6-1 

"Illustrated  Parts  Breakdown,  Cold  air  distribution,  Air  Conditioning 
System  B-52B  aircraft,"    TO  //1B-52B-4-6-2  , 

Note:     SEE  TO  NUMBER  BREAKDOWN  ON  PAGES  8  &  9c 


1  B 


52  B 


2  - 


TO  Category,     1  identifies  AIRCRAFT 
Type  of  aircraft.     B  identifies  BOMBER 


Aircraft  MODEL 


Aircraft  SERIES  of  this  model 


Kind  of  TO,     -2  pertains  to  "MAINTENANCE  INSTRUCTIONS" 


System  TO  covers.     -6  identifies  AIR  CONDITIONING  SYSTEM  

Section  of  a  sectionalized  TO,  or  Volume  of  TO.  -1  pertains  to  the 
 "Hot  air  distribution  system"  


erJc 


1    b     -     52    B     -  2-6- 


Section  of  a  sectionalized  TO,  or  Volume  of  TO,    -2,  pertains  to  the 
"Cold  air  distribution  system"  _ 


TO  NUMBER  BREAKDOWN 
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2  B 


52  B 


TO  Category.     1  identifies  AIRCRAFT 
Type  of  aircraft,     B  identifies  BOMBER 


Aircraft  MODEL 


Aircraft  SERIES  of  this  model 


Kind  of  TO.     -4  pertains  to  "II UJSTRATED  PARTS  BREAKDOWN  (IPB)" 

System  TO  covers,     -6  identifies  AIR  CONDITIONING  SYSTEM  

Section  of  a  sectional izel  TO,  or  Volume  of  TO,  -1  pertains  to  the 
 "Hot  air  distribution  system"  


1  B 


52  B 


Section  of  a  sectionalized  10,  or  Volume  of  TO.  -2,  pertains  to  the 
 "Cold  air  distribution  system"  


TIME  COMPLIANCE  TKCHNICAL  ORDERS  (TCTOs) 

The  TCTO  is  the  authorized  method  of  directing  and  providing  instructions 
for  modifying  equipment,  other  than  temporary  modifications,  and  performing  or 
initially  establishing  a  one  time  inspection.     You  can  identify  a  TC10  number 
because  the  third  part  of  the  number  will  always  be  501  or  higher.  Example: 
lC-14lA-8(n.     The  degree  of  urgency  is  indicated  by  specifying  when  compliance 
is  to  be  completed. 
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The  five  types  of  TCTOs  are: 


•  immediate  action 

•  ur(;knt  action 

•  routine  action 

•  INTERIM 

•  RECORDS 


IMMEDIATE  ACTION  TCTOs  are  issued  under  the  governing  factors  of  safety 
conditions,  the  uncorrected  existence  of  which,  could  result  in  fatal  or  serious 
injury  to  personnel  or  extensive  dafcage  to,  or  destruction  of,  valuable  property. 
Such  conditions  involve  risks  which  are  intolerable. 

The  urgency  of  these  TCTOs  requires  IMMEDIATE  ACTION  to  ground  aircraft, 
prevent  launch  of  missiles,  discontinue  operation  of  ground  support  equipment, 
personal  equipment,  or  munitions.    When  possible,  methods  for  condition 
correction  are  included  in  IMMEDIATE  ACTION  TCTOs. 

The  words  IMMEDIATE  ACTION  are  printed  in  red  at  the  top  of  the  first  pape 
with  a  border  of  red  Xs  included  around  the  first  page.     In  addition  to  providing 
distinctive  identif icatior ,  the  red  Xs  correspond  to  the  symbol  used  on 
maintenance  forms. 

Because  of  their  urgency,  publication  and  distribution  of  IMMEDIATE  ACTION 
TCTOs  are  placed  on  a  high-priority  basis  and  commanders  shall  ensure  they  are 
distributed  to  all  affected  personnel  within  four  hours  after  receipt. 

URGENT  ACTION  TCTOs  are  issued  under  the  governing  factors  of  combat 
necessity  or  potentially  hazardous  conditions,  which  could  result  in  injury 
to  personnel,  damage  to  valuable  property,  or  unacceptable  reductions  in  combat 
efficiency.     Such  conditions  compromise  safety  or  involve  risks  which  are 
calculated  to  be  tolerable  only  within  definite  time  limits. 

The  urgency  of  these  TCTOs  requires  compliance  within  specified  time 
limits.     If  not  complied  with  by  expiration  of  time  limit,  these  TCTOs  require 
action  to  ground  aircraft,  discontinue  use  of  air-launched  missiles,  prevent 
launch  of  missiles  or  discontinue  operation  of  ground  communications,  electronics, 
meterological  equipment,  or  use  of  support  equipment,  personal  equipment, 
materials  or  munitions. 

The  words  URCENT  ACTION  TCTO  are  printed  in  red  at  the  top  center  of 
the  first  page  and  a  series  of  red  diagonals  alternately  spaced  with  circled 
red  Xs  are  printed    round  the  border  of  the  first  page.    In  addition  to  providing 
distinctive  ident^ . ication,  the  red  diagonals  and  circled  red  Xs  correspond  to 
the  symbol  used  on  maintenance  forms.     When  the  URCENT  ACTION  IMO  is  received, 
all  applicable  maintenance  forms  for  the  equipment  that  the  TCTf)  applies  to, 
will  have  a  red  diagonal  placed  in  the  symbol  block,  with  n  statement  identifying 
that  an  URGENT  ACTION  TCTO  is  due.    When  the  specified  time  limit  has  expired, 
a  circled  red  X  will  replace  the  red  diagonal  tymbol. 
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Because  of  their  urgency,  commanders  shall  ensure  that  distribution  Is 
made  to  all  affected  personnel  as  quickly  as  possible. 

ROUTINE  ACTION  TCTOs  are  issued  for  conditions  which  involv    a  degree  of 
risk  calculated  to  be  tolerable  within  broad  time  limits.    Coveining  factors 
are  equipment  or  procedural  deficiencies  of  material  mechanical  operational,  or 
tactical  nature,  the  uncorrected  existence  of  which  could: 

•  Constitute  a  hazard  through  prolonged  usage,  or 

•  Have  a  negative  effect  on  operational  efficiency,  or 

•  Reduce  operational  life  or  general  service  utilization  of  systems 
or  equipment. 


Depending  on  the  degree  of  the  factor(s)  involved  will  determine  which 
symbol (s)  will  be  used  on  the  maintenance  documents.     NOTE :    The  circled  red  X 
is  used  for  the  URGENT  ACTION  TCTO  only! 

ROUTINE  ACTION  TCTOs  are  issued  t(*  authorize  accomplishment,  aud  record 
one-time  Air  Force  requirements  like  inspections,  modifications,  etc,  which  are 
not  available  at  the  time  of  original  manufacture. 

The  "time  limits11  mentioned  in  the  URCENT,  and  ROUTINE  ACTION  TCTOs,  will  be 
identified  on  the  first  page  of  the  applicable  TCTO. 

There  are  two  other  types  of  TCTOs,  which  are  INTERIM  anr   KECORIJ  TCTOs . 
When  circumstances  preclude  the  timely  publication  of  emergency  instructions  in 
printed  form,  they  are  issued  by  means  of  teletype,  telegrams,  radiogram,  or 
air  mail  and  are  called  "interims."    These  are  used  when  the  Air  Force*  oelives 
that  the  action  required  is  important  enough,  that  time  is  of  the  essence,  so, 
instead  of  taking  the  additional  time  required  to  publish  an  IMMEDIATE.,  or  I'Rf.FN'l 
ACTION  TCTO,  begin  checking  your  systems  or  equipment  NOW1.    Action  copies  of 
interim  TCTOs  will  be  transmitted  to  the  headquarters  of  the  using  command  for 
equipment  affected. 

The  record  TCTOs,  do  not  contain  step-by-step  instructions  -n  the  "How  work 
is  to  be  accommplifihed"  paragraph.     Instead,  they  tabulate  the  equipment  a. tccted 
index  necessary  installation  drawings  and  instructions,  and  list  required  par.s 
which  are  provided  by  kits.    Symbol  entries  are  not  required  in  maintenance  fonv, 
for  record  TCTOs.    Distinguish  ing  red  markings  on  the  fir*t  page  are  not  required 
for  record  TCTOs,  but  all  other  aspects  of  the  record  TCTO  will  contain  the  same 
information  and  support  as  do  other  TCTOs. 
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The  information  included  in  all  TCTOs  is 


by  whom  the  work  will  be  accomplished 
when  the  work  will  be  done 
form  entries  required 
other  TOs  that  are  affected 
recission  date  of  TO 
purpose  of  TCTO 

how  work  is  to  be  accomplished  (except  record  action  TCTOs) 
equipment  that  the  TCTO  applies  to. 


ABBREVIATED  TOs 

These  TOs  are  primarily  work  simplication  devices.    The  following  type  are 
abbreviated  TOs: 


•  Inspection  Workcards  (WC) ,  which  prescribe  the  minimum 
inspection  requirements  for  performing  an  inspection. 

•  Inspection  sequence  charts,  which  ^re  provided  primarily  for 
scheduled  inspections  and  describe  a  basic  planned  work  schedule 
or  sequence  in  which  the  inspection  workcards  can  be  used. 

•  Checklists  (CL),  which  provide  lists  of  items  in  abbreviated  form 
for  use  in  performing  various  tasks  or  operations  in  the  sequence 
deemed  most  practicp1,  to  ascertain  operational  readiness  of 
equipment  and  minimum  serviceable  condition.    A  checklist  may  be 
published  when  one  or  moi,  of  the  following  conditions  exist: 

•       Whe^  the  steps  must  be  followed  in  sequence  to  eliminate 

damage  to  equipment  which  would  reduce  operational  readiness 
or  cause  the  equipment  to  fail. 


•       To  preclude  potential  injury  to  personnel  and/or  damage  to 
equipment  unless  prescribed  sequence  time  phased  procedures 
are  followed. 

r       When  interaction  or  communication  between  two  or  more 

differing  specialty  skills  are  involved  in  accomplishing 
a  function. 


Abbreviated  TOs,  are  TOs  that  have  been  put  in  an  outline  form,  with  the 
information  from  a  larger  TO,    The  abbreviated  TOs  are  easier  to  use,  but  only 
list  the  MINIMUM  that  is  required. 
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SECTION  II 


CHANGES  TO  TECHNICAL  ORDERS 

In  other  lessons  you've  heard  the  word  "CHANGE,"  In  reference  to 
TOs.    I  suppose  that  maybe  you've  been  wondering  what  we've  been  meaning,  and^ 
WHO  does  these  "changing  of  TOs."    Well,  now  we  are  going  to  discuss  "CHANGES" 
to  the  various  types  of  TOs,  along  with  who  does  it,  how  they  do  it,  why  they 
do  it,  and  maybe  some  other  questions  that  you  may  have. 

First  of  ail,  I'd  like  to  ask  YOU  a  question.    Who  uses  TOs  ?    I  hope 

that  your  answer  wss  something  like^OU  AND  I,"  because  WE  are  the  ones  who 
submit  these  changes.    The  Air  Force  spends  millions  of  dollars  to  help  us  to 
be  more  productive,  and  perform  the  best  possible  maintenance.    They  will  go 
to  great  heights  to  make  our  jobs  better  and  easier.    You  see,  they  want  us  to 
use  these  "books,"  and  they  know  we  won't  use  them  if  we  can't  understand,  and 
follow  them  properly.    The  Air  Force  developed  a  form  for  us  to  use  so  we  can 
submit  these  changes,  that  we  feel  will  help  us  to  do  better  w.  rk.    This  form  is 
AFTO  Form  22,  Technical  Order  System  Improvement  Report,    A  TO  improvement  report 
is  a  recommendation  for  a  specific  TO  improvement,  correction  of  an  error  or 
omission,  of  a  TECHNICAL  NATURE,  which  prevents  the  adequate  performance  of 
functions  required  for  mission  accomplishment. 

The  correction  of  minor  errors  of  a  NON-TECHNICAL  NATURE,  will  not  be 
recommended  on  an  improvement  report  unless  it  effects  the  meaning  of  instructive 
information  or  procedures.    Instead,  recommendations  for  corrections  of  minor 
errors  should  be  by  letter,  message  or  telecon. 

Each  recommendation  for  improvement  must  be  evaluated  individually,  therefore, 
only  one  improvement  will  be  recommended  on  each  AFTO  Form  22. 

When  to  submit  improvement  reports?    Well,  any  person  discovering  a  condition 
requiring  a  change  to  a  TO  will  submit  an  improvemert  report.    Emergency  reports 
will  be  initiated  and  submitted  immediately  after  discovery  of  the  condition; 
Urgent  reports  on  an  AS  QUICKLY  AS  POSSIBLE  basis;  routine  reports  AS  SOON  AS 
PRACTICABLE. 

The  supervisor,  of  the  persor.  submitting  an  improvement  report  will  determine 
if  the  report  is  valid  and  warrants  the  "CO  AHEAD"  to  submit  it,  and  will  sign  the 
form.    The  supervisor  will  insure  the  initiator1 «  signature  is  on  the  form.  All 
copies  of  reports  determined  valid  will  be  forwarded  to  the  responsible  Quality 
Control  (QC),  Quality  Assurance  (QA)  or  other  responsible  organization  for  review 
and  approval. 

Supervisors  and  QC/QA,  should  use  the  following  guide. 

-  Check  for  completeness  and  accuracy 

-  Verify  that  the  A^TO  Form  22  is  the  proper  method  of  reporting. 

DO  NOT  submit  reports  *ior  deficiencies  that  are  not  of  a  TECHNICAL 
NATURE. 
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-  Check  the  TO  !A!  page  of  the  applicable  TO  index ,  to  ensure 
the  TO  is  current* 

-  Consider  the  impact  on  other  TOs. 

*  Determine  it         change  is  essential. 

-  To  the  best  of  your  ability,  ensure  the  recommeded  change  is 
comprehensive  and  in  the  exact  language  it  should  appear  in  the 
corrected  TO. 

-  Ensure  there  ia  adequate  explanation  why  the  change  is  necessary; 
that  is,  mission  essential,  work  stoppage,  number  of  excessive 
manhours  to  do  the  task,  impact  if  change  not  made,  time  lost  now, 
saved  if  TO  changed,  and  safety  implications. 

As  you  can  see,  the  Air  Force  doesn't  change  TOs  just  to  change.    There  are 
a  lot  of  complications  in  order  lo  get  a  TO  changed,  but  if  no  one  tries,  it 
will  never  get  done.    If  you  feel  that  the  TOs  you  are  using  requires  a  change, 
because  of  safety  or  for  some  technical  reason,  discuss  it  with  your  supervisor. 
It  could  save  a  life  
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Environmental/Pneudraiilic  Branch  ,  .  ~„ 

P,  .  At,n  T11.  .  C3ABR42331-WB-302 
Chanute  AFB,  Illinois 

28  June  1984 

TECHNICAL  MANUALS 

OBJECTIVE 

Using  applicable  technical  manuals,  locate  selected  items  of  information 
for  performing  maintenance  with  a  maximum  of  four  instructor  assists. 

EQUIPMENT 

Training  Technical  Order  File 

PROCEDURE 

This  workbook  is  arranged  in  three  parts.    Each  part  must  be  completed 

in  order  before  going  to  the  next  one.    Whin  you  finish,  give  the  workbook 

to  the  instructor  for  grading. 


Part  1 

INSTRUCTIONS 

Read  the  statement  bolow  and  look  up  the  information  that  is  needed  to 
answer  the  questions. 

You  are  working  on  a  25  liter  capacity,  liquid  oxygen  converter.  The 
part  number  of  the  converter  is  21119-1.    The  TO  needed  to  overhaul  the 
converter  is  15X2-3-4-3.    Sign  it  out  from  the  TO  file. 

Note:    Remember,  there  may  be  more  than  one  TO  in  a  binder.  Be 
sure  to  check  the  "from"  and  "thru"  numbers  on  the  binder  label. 

1.  The  basic  date  of  the  TO  for  the  converter  is   

2.  Has  the  TO  been  changed?  


3,    Overhaul  instructions  start  on  page    of  TO 


4.    Are  any  special  tools  required  to  overhaul  the  converter? 


5.     Inspeccion  of  the  25  liter  oxygen  converter  is  covered  in  section 


page  ,  of  the  TO. 


Supersedes  ST  C3ABR42331-WB-302,  19  September  1983. 
OPR:    3370  TCHTG 
DISTRIBUTION:  X 

3370  TCHTG/TTGU-P  -  300;  DAV  -  1 

Designed  for  ATC  Course  Use*    Do  Not  Use  on  the  Job. 
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Part  2 


INSTRUCTIONS 

Read  the  statements  below  and  take  from  the  TO  file  the  TO  that 
is  needed  or  used  in  each  situacion.    Answer  the  questions  about  each 
situation. 

Using  TO  15  x  2-2-5-13,  answer  the  following  questions: 

1.  How  many  pages  are  in  this  TO? 

2.  What  is  the  title  of  section  four  of  this  TO? 

3.  What  type  of  lubrication  is  used  when  overhauling  a  converter? 

4.  When  performing  a  pressure  test  on  the  converter,  should  the  vent 
relief  port  be  capped  during  the  final  assembly  pressure  test? 


5.    When  performing  the  calibration  test  of  the  sensing  element,  what  TO  is  used 
as  a  reference  for  alternate  test  procedures? 

c.    What  page  shows  an  illustration  of  a  "25-Liter  Liquid  Oxygen  Converter?" 
Using  TO  IF-111A-2-2-1,  answer  the  following  questions; 

1.  On  page  5-2,  Figure  5-2,  there  is  an  illustration  of  the  "Canopy  Hatch 
System."    What  do  the  miniature  pointing  hands  identify,  and  where  did  you 
find  the  answer  to  this  question? 

2.  How  many  pages  are  in  this  TO? 

3.  What  is  the  title  of  Figure  12-14? 

4.  In  the  description  of  Aircraft  Smoothness,  when  is  full  compliance 
with  the  requirements  of  this  section  not  necessary? 

Using  TO  IF-4C-4-3  to  answer  the  following  questions: 

1.    Use  the  information  on  the  title  page  to  answer  the  following  questions: 

a.  The  title  is: 

b.  The  basic  date  is: 

c.  Has  this  TO  been  changed?    Yes    No   
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2.    Turn  to  the  forward  section.    The  forward  gives  information  as  to  what  systems 
are  covered  in  the  IPB.    Supply  the  missing  information. 

a.  Instrument  systems  are  in  TO   . 

b.  Aerospace  support  equipment  is  tested  in  TO  . 


c.    The  numerical  index  of  part  numoers  is  TO  . 

3.    The  next  part  of  the  IPB  is  the  "Table  of  Contents."    The  first  column  on  the 
left  side  in  the  Tabl^  of  Contents  is  the  section  column.    The  next  column 
to  the  right  is  the  VOLUME,  and  FIGURE  numbers  column.    The  third  column  is 
the  TITLE  OF  ASSEMBLIES  column.    The  fourth  column  is  the  VOLUME  AND  PAGE 
NUMBER. 

a.    The  "cabin  and  pressure  suit  refrigeration  unit  assembly"  for 

the  F-A  C/D  are  shown  in  Figure    on  page   . 

A.    Turn  to  section  II,  "Group  Assembly  parts  list."    In  this  section  illustrations 
show  exploded  views  of  the  major  assemblies.    Locate  the  first  illustration 
in  this  section,  Figure  3-1.    We  are  using  volume  3  of  the  IPB,  that  is  why 
all  figure  and  page  numbers  start  with  a  3.    Referring  to  the  illustration,  the 
assembly  is  called  an  "outer  wing  leading  edge  boundary  layer  control  chamber 
illustration."    On  the  aircraft  in  the  illustration  there  are  two  darkuned-in 
areas.     These  show  the  locations  of  the  group  assembly  on  the  aircraft.  The 
numbers  on  the  illustrations  are  called  INDEX  NUMBERS,    These  will  help  you  to 
identify  any  ptrt  of  the  group  assembly.     The  third  column  lists  the  aircraft 
serial  number  that  the  part  can  be  used  on. 

a.    The  title  of  section  II  is 


b.    The  darkened  in  areas  on  the  aircraft  in  the  illustration  shows  the 


c.    The  numbers  on  the  illustration  are  called 


5.    On  page  3-3  there  is  a  parts  list  for  figure  3-1.    The  parts  list  has  five 
columns.    The  first  column  has  the  volume,  figure,  and  index  numbers.  Find 
volume  number  3,  figure  number  1  and  index  number  6  in  the  first  column. 
Look  across  to  the  right  from  index  number  6,  you  will  find  the  part  number 
in  the  second  column.    The  third  column  has  the  descriptions  of  the  index 
numbers.    The  fourth  column  tells  you  how  many  units  (items)  per  assemoly. 
The  last  column  is  the  "usable  on  code"  column.     This  code  will  tell  you  the 
specific  aircraft  on  which  an  item  can  be  used  plus  all  models  and  series  of 
this  aircraft.    At  the  end  of  the  parts  list,  on  page    3-5,  there  is  a  des- 
cription of  usable  on  codes.    The  second  column  lists  the  specific  model  of 
aircraft.    The  third  column  lists  the  aircraft  serial  number  that 
the  part  can  be  used  on. 
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Provide  the  missing  information. 

a.    What  is  the  description  (name)  of  index  number  6  in  figure  3-1? 


b.  The  usable  on  codes  are  found  in  which  column  of  the  parts  list  for 

figure  3-1?  On  which 

page?  . 

c.  The  part  number  of  the  part  identified  by  index  number  6  is   

d.  What  is  the  usable  on  code  for  an  F-4  aircraft  serial  number  64-928? 

 ,  _.     On  which  page  did 

you  find  the  code?  

(1)  In  which  TO  would  you  find  information  on  the  following? 

(a)  Pressurization  System  . 

(b)  Ejection  Seats   

Ic)    Vendor  Support  Equipment  . 

(d)    Master  Introduction  ZZ^^Z"3IIZZZ^^IZ^Z^II^^- 

(2)  What  is  the  Change  Number  on  page  3-439? 

(3)  What  is  the  date  of  Change  Number  13? 

(4)  On  which  figure  would  you  find  the  Windshield  Rain  Removal  Equipment 
Instal lation? 

(5)  Using  figure  3-57  what  is  the  part  number  for  the  cylinder  assembly? 

(6)  Using  the  same  figure  and  part  number,  what  model  aircraft  can  this 
part  be  used  for? 

(7)  What  did  change  30  do  to  pages  3-442  and  3-443? 

(8)  Using  figure  3-126,  what  is  the  nomenclature  for  index  number  10? 

(9)  Using  figure  3-129,  what  volume  and  figure  number  would  you  use  for 
the  Unit-Power  Steering  parts  breakdown? 

(10)    The  Group  Assembly  Parts  List  begins  on  what  page? 
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(11) 


On  page  3-111  is  the  beginning  of  the 


Systems. 

(12)  Using  figure  3-1  index  36,  what  does  the  symbol  0  mean  for  part 
number  NAS1Q21C3? 

(13)  Using  figure  3-43,  index  6  has  how  many  units  for  assembly? 

(14)  On  figure  3-42  index  8,  what  kind  of  material  is  used  for  part 

number  32-69349-2057? 

There  is  another  way  of  using  the  illustrated  parts  breakdown.    The  foreword 
of  TO  1F-4C-4-3  lists  TO  1F-4C-4-7  as  an  index.    This  is  a  numerical  index 
of  all  part  numbers  of  parts  used  on  the  F-4C  and  F-4D  aircraft.    When  only 
the  part  number  of  a  component  is  known,  TO  1F-4C-4-7  is  used  to  find  the 
name  and  location  of  the  component.    Assume  you  have  a  part  number  2389-48 
and  you  know  that  the  part  is  for  the  F-4D  aircraft. 

a.    List  the  TO  number  for  the  numerical  index  of  part  numbers  for  the 
F-4C  and  F-4D  aircraft.   

Sign  out  TO  1F-4C-4-7  from  the  TO  file.    Open  the  TO  to  the  "table  of 
contents."    The  table  of  contents  lists  three  sections.    Section  I  is  the 
introduction  which  explains  how* to  use  the  -4  (1PB).    Section  11  is  the 
numerical  index.    This  is  the  section  you  will  use.    Turn  to  page  2-1  where 
the  numerical  index  starts.    Turn  to  page  2-2.    The  three  columns  are  divided 
into  four  smaller  columns.    The  first  lists  the  part  numbers  in  alphabetical/ 
numerical  order.    The  second  column  lists  the  volume,  figure  and  index  numbers. 
The  third  and  fourth  columns  list  the  source  codes  and  repair  codes. 

Answer  the  following  questions. 

a.    In  which  of  the  F-4  aircraft  TOs  is  the  numerical  listing  of  part 
numbers  found?  On  which  page? 


b.    How  are  part  numbers  arranged  in  this  listing? 


Find  part  number  2389-48  in  the  numerical  listing  of  TO  1F-4C-4-7.  Start 
at  the  top  and  continue  down  each  part  number  column  until  you  find  2389-48. 
To  assist  you  in  finding  this  number  start  on  page  Ic  you  do  not  find 

it,  ask  your  instructor  for  assistance. 

a.    List  the  volume,  figure  and  index  number  for  this  component. 
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9.    Locate  in  the  TO  file  TO  1F-4C-4-3.     Turn  to  the  figure  that  is  given  in  the 
numerical  listing.    Check  to  see  if  the  part  number  in  the  numerical  index 
listing  matches  the  part  number  listed  in  the  volume  you  are  using.     If  the 
part  numbers  do  not  match,  refer  back  to  TO  1F-4C-4-7  and  recheck  the  volume, 
figure  and  index  numbers  for  part  number  2389-48. 


Answer  the  following  questions. 


a. 


What  is  the  volume  and  figure  you  are  using? 


b. 


What  is  the  title  of  this  figure? 


c . 


What  is  the  description  for  the  index  number  that  ycu  are  referred 


to? 


How  many  units  per  assembly? 


e. 


What  is  the  usable  on  code? 


f . 


Which  F-4D  aircraft  is  the  part  used  on? 


10.    Have  your  instructor  check  your  answers  for  the  entire  workbook. 
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OBJECTIVES 


At  the  completion  of  this  programmed  text,  you  should  be  able  to 
complete  the  following  objectives: 

1.  Using  a  hardware  trainer  or  illustration,  match  bolts  to 
their  nomenclature.     75%  accuracy  is  required. 

2.  Using  a  hardware  trainer  or  illustration,  match  screws  to 
their  nomenclature.     75%  accuracy  is  required. 

3.  Using  a  hardware  trainer  or  illustration,  match  nuts  and/or 
washers  to  their  nomenclature.    Four  of  six  must  be  correctly  matched. 

<+.      Using  a  hardware  trainer  or  illustration,  match  AN  fittings 
to  their  nomenclature.     75%  accuracy  is  required. 

5.  Without  the  aid  of  references,  match  aircraft  tubing  and 
hose  to  their  purpose.     75%  accuracy  is  required. 

6.  Using  display  boxes  containing  items  of  aircraft  hardware, 
relate  each  item's  number  to  its  proper  use  with  80%  accuracy. 


INSTRUCTIONS 


This  text  is  presented  in  small  steps  called  "frames.11    After  each 
frame  you  are  to  select  the  correct  statements,  choose  either  TRUE  or 
FALSE,  or  match  names  of  items  to  nomenclature.     All  answers  will  be 
made  on  provided  answer  sheets,  NOT  IN  THIS  PT.    After  answering  the 
questions  compare  your  answers  with  the  correct  ones  found  at  the  bottom 
of  the  following  page.     If  your  answer  is  correct,  go  to  the  next  frame. 
If  your  answer  was  wrong,  read  the  frame  again  and  see  how  the  correct 
response  is  derived.    READ  VERY  CAREFULLY  AND  DO  NOT  HURRY.    This  programmed 
text  was  designed  for  two  courses,  Aircraft  Environmental  Systems  Mechanic, 
and  Avionics  Instrument  System  Sepcialist,  Due  to  the  difference  of  the 
instructional  material  of  each  course  ENVIRONMENTAL  SYSTEMS  COURSE  DO  NOT 
USE  FRAMES  48,  49,  AND  50.    When  you  come  to  the  end  of  the  text,  be  sure 
to  use  the  terminal  frame  designed  for  your  course.     Pneudraulics  use 
terminal  Frame  51,  Instrument  51A  and  Environmental  51B.     Proceed  to 
Frame  1  at  the  top  of  the  next  page  and  begin. 


Supersedes  3ABR42231-PT-303A,  3ABR32531-PT-107 ,  3ABR42132-PT-110A, 
8  April  1976,  which  may  be  used  until  present  stock  is  exhausted. 
OPR:     3370  TCHTG 
DISTRIBUTION:  X 
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Frame  1 


Most  bolts  used  i*  aircraft  structures  are  clatsed  as  general 
purpose,  AN  (Army-Navy),  NAS  (National  Aircraft  Standard),  or  MS 
(Military  Standard)  bolts.    Thes*  bolts  are  made  of  aluminum  alloy 
where  lightness  is  needed,  or  of  steel  when  strength  is  needed- 
Before  going  any  further,  study  the  termb  and  their  definitions. 
They  will  help  yu  understand  why  so  many  different  types  of  bolts 
are  necessary  in  the  Air  Force. 

1.  STRAIN  -  Strain  is  the  deformation  of  a  material  when 
some  force  is  applied  to  it.    Just  as  you  can  strain  a  muscle  by 
trying  to  lift  a  heavy  weight,  a  bolt  ~an  be  strained  by  being  over 
tightened . 

2.  STRESS  -  Stress  is  a  result  of  strain.    When  a  bolt  is 
being  strained,  it  tries  to  resist  the  forces  that  cause  the  strain. 
Stress  is  measured  in  pounds  per  square  inch  (PSI) . 

3.  TENSION  -  Tension  is  the  act  or  action  of  stretching. 
Tension  is  also  a  type  of  stress  which  occurs  when  a  bolt  is  elongated 
or  stretched  in  a  straight  line. 

4.  SHEAR  -  Shear  is  an  action  or  stress  which  causes  a  material 
to  slide  in  a  parallel  plane.    Shear  occurs  when  force  is  applied 

to  a  bolt  from  opposite  sides.     (Think  of  how  paper  is  cut  with  a 
pair  of  scissors.) 

5.  TENSILE  STRENGTH  -  Tensile  strength  is  a  measure  of  the 
amount  of  stretch  or  elongation  a  bolt  can  stand  and  not  tear  apart. 
(Think  of  this  as  resistance  to  stretching  or  a  sv  < ight  line  pull.) 

6.  SHEAR  STRENGTH  -  Shear  strength  is  a  mer.sure  of  the  amount 
of  side  pressure  a  bolt  can  stand  and  not  break  in  two.     (Think  of 
"his  as  resistance  to  side  pressure.) 


Force  in  this  direction  causes  SHEAR  STRESS. 


587 


Frame  1  (Cont'd) 


Force  in  this  direction  causes  TENSILE  STRESS. 
Identify  the  type  of  stress  being  applied  to  each  bolt. 
1-  Tensile. 
2.  Shear. 
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Frame  2 


Three  general  types  of  bolts  are:    standard  aircraft  bolts, 
clevis  bolts,  and  eyebolts. 

Standard  aircraft  bolts  (machine  bolts)  are  all-purpose  struc- 
tural bolts  used  for  general  applications  involving  tension  or  shear 
loads.    These  bolts  may  or  may  not  have  a  holed  drilled  in  the  shank 
or  head;  sometimes,  both  the  head  and  the  shank  are  drilled.  The 
drilled  hole  in  the  head  of  the  bolt  is  used  when  the  bolt  must  be 
safety  wired.    The  hole  in  the  bolt  shank  is  used  when  the  nut  must 
be  secured  by  a  cotter  pin  to  keep  it  from  turning  or  working  loose. 


o 


o 

>- 

STANDARD  AIRCRAFT  MACHINE  BOLT 

Answer  che  statements  as  true  (T)  or  false  (F) . 

1.  Standard  aircraft  machine  bolts  sometimes  have  drilled 
shanks . 

2.  Standard  aircraft  machine  bolts  may  not  be  used  with  safety 
wire. 


Answers  to  Frame  1:    1.    B,      2.  A 
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Frame  3 


The  size  of  a  bolt  is  determined  by  the  diameter  of  the  shank. 
The  size  wrench  to  use  on  it  is  determined  by  the  distance  across 
the  flat  part  of  the  head.    The  length  of  a  bolt  is  measured  from 
below  the  head  to  the  end  of  the  threads.    The  grip  length  of  a 
bolt  is  the  unthreaded  part  of  the  shank. 

Match  the  names  of  the  different  parts  of  the  bolt  with  the 
letters. 

1.  Diameter. 


2.  Length. 

3 .  Grip . 

4.  Head  (Wrench  Size). 


Answers  to  Frame  2:    1.    T,      2.  F 
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Frame  4 


The  grip  length  of  a  bolt  should  equal  the  thickness  of  the  material 
it  passes  through.    The  threads  should  not  bear  on  the  material  nor 
should  the  grip  extend  beyond  the  outer  surface  of  the  material. 

Answer  t\e  statements  as  true  (T)  or  false  (F) . 


1.  A  bolt  with  a  1  inch  grip  length  may  be  used  to  hold  two 
pieces  of  1/2  inch  material  together. 

2.  A  bolt  with  a  1  inch  grip  length  may  be  used  to  hold  two 
pieces       1/4  inch  material  together. 


Answers  to  Frame  3:    1.    a,      2.    c,      3.    b,      4.  d 
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Frame  5 


Close- tolerance  hex  head  bolts  are  used  where  the  bolted  joint 
is  subject  to  severe  load  reversals  and  vibration.    The  shan*.  of 
this  type  bolt  has  a  very  accurate  diameter  (close-tolerance)  which 
permits  a  very  close  fit  in  a  close- tolerance  hole.    These  bolts 
are  available  as  tensile  bolts  with  drilled  heads  or  drilled  shanks, 
and  as  shear  bolts  with  or  without  a  cotter  pin  hole. 


9  0 


1 


HEX  HEAD,  CLOSE-TOLERANCE  TENSILE  BOLT 


CLOSE-TOLERANCE  SHEAR  BOLT 


Clevis  bolts  are  made  of  steel  and  are  used  ia  applications 
subject  to  shearing  stress  only,  such  as  is  shown  in  the  illustration 
below.    Note  that  the  force  exerted  on  the  bolt  is  crosswise  on  the 
shank.    Clevis  bolts  are  also  used  as  mechanical  pins  in  control 
systems. 


3 


Answer  the  question. 

1.      Which  bolt  is  used  where  resistance  to  shear  is  needed? 

a.  Clevis  bolt 

b.  Plain  head  aircraft  bolt 

c.  Drilled  head  aircraft  bolt 

d.  Eyebolt 


Answers  to  Frame  4:    1.    T,      2.  F 
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Eyebolts  are  used  to  carry  external  tension  loads  for  the  attach- 
ment of  devices  such  as  the  fork  of  a  turnbuckle,  a  clevis,  or  a 
cable  shackle. 


o 


Match  the  illustrations  to  the  correct  name  listed  in  the  column 
on  the  right. 


1. 


2. 


r 

M 


a.  Standard  Aircraft  Bolt 

b.  Eyebolt 

c.  External  Wrenching  Bolt 

d.  Clevis  Bolt 


o 


Answer  to  Frame  5:    1.  a 
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Frame  7 


Internal  wrenching  bolts  are  high  strength  steel  bolts  used  in 
tension  applications  like  bolting  the  wing  on  to  the  fuselage.  The 
bolt  hole  must  be  countersunk  to  seat  the  larger  corner  radius  of 
the  shank  at  the  head.    If  the  bolt  hole  is  not  countersunk  a 
special  heat-treated  washer  must  be  used  to  fit  the  head  and  to 
provide  a  good  bearing  area.    A  special  plain  washer,  also  heat- 
treated,  1l  used  under  the  nut  which  is  also  a  special  nut  for  use 
with  these  bolts. 


The  external  wrenching  bolt  has  a  12-point  head.    This  bolt 
has  greater  fatigue  resistance  and  tensile  strength,  than  conven- 
tional bolts. 


HI 


Is  the  statement  TRUE  or  FALSE? 


1.      An  internal  wrenching  bolt  may  be  used  with  any  type  of 
nut. 


Answers  to  Frame  6:    1.    d,      2.    a,      3.  b 
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Frame  8 


Match  the  illustrations  to  the  correct  name  listed  in  the  column 
on  the  right. 


Standard  Aircraft  Bolt 
Eyebolt 

External  Wrenching  Bolt 
Clevis  Bolt 


Answer  to  Frame  7:    1.  FALSE 
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Frame  9 


Bolt  heads  are  marked  with  a  code  to  identify  their  physical 
characteristics  and  materials.    Steel  bolts  are  marked  with  an 
asterisk  (*) ,  letters  from  A  to  Z,  or  numbers  from  0  to  9,  or  any 
combination  of  letters,  numbers,  and  an  asterisk. 


Aluminum  bolts  are  marked  with  raised  or  recessed  dashes  on 
opposite  sides  of  the  head. 

ALUMINUM  ALLOY  §017 


Steel  and  aluminum  close-tolerance  bolts  are  identified  by  a 
raised  or  recessed  triangle  on  to^  of  the  head. 


CLOSE  TOLERANCE  SOU 


Corrosion  res istant  steel  bolts  are  identified  by  a  single 
raised  or  recessed  dash  on  top  of  the  head. 


GO 


CORROSION  RESISTANT 
STEEL  SOU 


Some  bolts  may  nave  a  combination  of  materials  or  other  char- 
acteristics, and  are  identified  as  shown. 


CLOSE  TOLERANCE 
ALUMINUM  ALLOT  SOU 


CLOSE  TOLERANCE 
STEEL  SOLT 


CLOSE  TOLERANCE 
CORROSION  RESISTANT 
STEEL  SOLT 


Answers  to  Frame  8:    1.    d,      2.    a,      3.    b,      4.  c 
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• 


left. 


Frame  9  (Cont'd) 

Match  the  bolts  by  identifying  marks  with  the  statements  on  the 


1.      Close  Tolerance  Aluminum  Bolt 


2.      Steel  Bolt 


b. 


3.      Corrosion  Resistant  Steel  Bolt 


4.      Aluminum  Bolt 


5.      Close  Tolerar  ^  Bolt 


d. 


e. 


f. 
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Frame  10 


Screws  are  the  most  common  type  of  fasteners  used  on  aircraft. 
They  differ  fiom  bolts  mainly  by  having  a  lower  material  strength 
and  a  loose  thread  fit.    The  different  types  of  screws  have  various 
type  of  slots  or  recesses.    For  each  type  of  screw  a  particular  type 
of  screwdriver  is  used-    To  prevent  damaging  the  screw  head  and 
the  screwdriver,  always  use  a  screwdriver  that  will  match  the  slot. 

NO  RESPONSE  REQUIRED 


Answers  to  Frame  9:    1.    d,      2.    c,      3.    e,      4.    b,  5. 
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Frame  11 


Flathead  machine  screws  are  used  in  countersunk  holes  where  a 
flush  surface  Is  desired.    These  screws  have  various  types  of  screw- 
driver slots.    Such  as;  the  Phillips,  the  Reed  and  Prince  (crosspoints) 
and  the  common  slot.    To  recognize  the  Reed  and  Prince,  look  for  the 
square  cut  corners  of  the  screw  slot  and  the  sharp  point  of  the 
screwdriver.    The  Phillips  screw  slot  is  larger  with  curved  corners 
and  the  screwdriver  point  is  blunt. 


PHILLIPS  TYPE 


I 


REED  &  PRINCE  TYPE 


General  purpose  roundhead  machine  screws »  like  flathead  machine 
screws,  are  made  from  different  materials.    They  may  have  coarse  or 
fine  threads  and  slotted  or  recessed  heads.    Brass  roundhead  machine 
screws,  with  a  slotted  head  are  for  electrical  use  only. 


Frame  11  (Cont'd) 


Answer  the  questions,  by  supplying  the  information  required, 
or  by  indicating  TRUE  or  FALSE. 

1.  A  flathead  machine  screw  is  used  in  a   

hole  where  a  flush  surface  is  required. 

2.  A  brass  roundhead  machine  screw  is  designed  for  general 
purpose  use. 


16 

600 


Frame  12 


Fillister  head  machine  screws  are  used  as  general  purpose  screws. 
The  head  are  usually  drilled  for  safety  wire.    Fillister  head  screws 
are  made  of  steel  and  brass,  and  have  coarse  or  fine  threads. 


CD  flnnm  6 


The  washer  head  screw,  while  not  a  machine  screw,  is  used  in 
much  the  same  way  that  structural  bolts  and  rivets  are  used.  These 
screws  have  a  high  tensile  strength  and  differ  from  structural  bolts 
only  in  the  type  of  head. 


WASHER  HEAD  SCREW 

Complete  the  statement. 

1.      The  type  of  screw  which  has  a  drilled  head,  for  safety- 
wiring,  is  the 

a.  washer  head  screw. 

b.  flathead  machine  screw. 

c.  fillister  head  machine  screw. 

d.  roundhead  machine  screw. 


Answers  to  Frame  11:    1.    countersunk,      2.  FALSE 
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Frame  13 


Self-tapping  screws  tap  thei.-  own  threads.    The  screw  should 
be  used  in  untapped  or  punched  hcUs  slightly  smaller  than  the  out- 
side diameter  of  the  screws* 

Self-tapping  sbeet  retal  screws  are  used  for  attaching  sheet 
metal  for  riveting  and  f  r  permanent  assembly  o£  nonstructural  assemblies. 
Sheet  metal  screws  are  hardened  for  use  on  steel  or  aluminum  sheets* 
They  may  also  be  used  on  plastic* 


IN  DRILLED 
OR  CLEAN 
PUNCHEO 
HOLES 


IN  PIERCE 

PUNCHED 

HOLES 


IN  CUT 

COUNTERSUNK 
HOLES 


IN  CASTINGS 

PLASTICS, 

ETC 


IN  CLEARANCE 
HOLES  OF 
LINE  CLAMPS, 
FAIR  LEADS,  ETC 


UMing  Sfcfttf  Mftfo/  Screws 


Is  the  following  statement  TRUE  or  FALSE? 


I.      In  a  permanent  installation,  sheet  metal  screws  must  be 
used  in  tapped  holes  ~r  with  self- locking  nuts* 


Answer  to  Frame  12:    1.  c 
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Frame  14 


Drive  screws  are  self-tapping  screws  used  to  attach  nameplates 
to  castings.    The  screws  are  also  used  to  seal  drain  holes  in  flat 
structures.    They  differ  from  other  self-tapping  screws  in  that  the 
heads  are  not  formed  to  fit  screwdrivers.    They  are  not  designed 
to  be  removed  after  installation.    Drive  screws  are  installed 
driving  the  screw  into  a  hole  with  a  hammer. 


ROUNDHEAD  DP'VE  SCREW 


Complete  the  statement. 

1.      The  correct  too."  for  installing  a  drive  screw  is 

a.  Phillips  screwdriver. 

b.  Reed  and  Prince  screwdriver. 

c.  common  screwdriver. 

d.  hammer. 


Answer  to  Frame  13:    1.  FALSE 
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Frame  15 


ERIC 


Answer  to  Frame  14:    1.  d 
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Frame  16 


Quick  release  fasteners  are  used  on  aircraft  access  panels, 
plate?,  etc.  where  quick  or  frequent  access  is  necessary.    The  two 
types  of  fasteners  are  the  turnlock  (Dzus)  and  Camlock.    The  ad- 
vantage of  these  fasteners  is  that  one-quarter  turn  locks  or  unlocks 
them. 

Turrlock  fasteners  (see  illustration  "A")  are  made  to  be  used 
on  cowling  (engine  covering)  and  access  doors,  where  there  is  no 
structural  stress  required. 

Camlock  f ast^  lers  (see  illustration  "B")  are  of  high  strength 
and  are  used  in  some  areas  on  access  panels  and  doors  where  some 
stress  is  required. 


, PANEL 


STUD 

assembly 


•PRINft  *uit 


OUTER  MEMBER 
STUD  ASSEMBLY 
GROMMET 


GROMMET 
RETAINING 
RING 


RIVET 


INNER 
MEMBER 


RECEPTACLE 


TURNLOCK  FASTENER 


CAML0C  FASTENER 


Answer  the  statements  as  true  (T)  or  false  (F). 

1.      Fastener 3  are  used  where  frequent  and  quick  accesses  are 
required . 


2.      Turnlock  fasteners  can  carry  high  structural  stresses. 


Answers  to  Frame  15:    1.    c,      2.    b,      3.    d,      4.  a 
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Frame  17 

Select  the  correct  answer* 

1.  What  type  of  screw  is  used  to  attach  panels  to  aircraft 
where  there  is  a  threaded  hole  in  the  aircraft? 

a.  Machine  screw 

b.  Drive  screw 

c.  Sheet  metal  screw 

d.  Crosspoint  screw 

2.  The  type  of  machine  screw  which  has  a  drilled  head  for 
securing  safety  wire  is  the 

a.  flat head  machine  screw. 

b.  washer  head  structural  screw. 

c.  roundhead  machine  screw. 

d.  fillister  head  machine  screw. 

3.  For  quick  access  panels,  cowling  and  plates  are  secured 
to  the  aircraft  with 

a.  flathead  machine  screws. 

'    b.  sheet  metal  screws. 

c.  fasteners. 

d.  fillister  head  machine  screws. 

4.  A  screw  that  has  high  tensile  strength  and  is  used  in  the 
primary  structure  of  aircraft  is  the 

a.  sheet  metal  screw. 

b.  drive  screw. 

c.  crosspoint  screw. 

d.  washer  head  screw. 


ERLC 


Answers  to  Frame  16:    1.    T,      2.  F 
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Frame  18 


The  more  common  forms  of  screw  threads  are  known  as  unified 
national  and  American  national  taper  pipe  thread.    Unified  national 
screws  are  made  with  coarse,  fine,  and  extra  fine  threads*  See 
the  illustration  below. 


Screw  Thread  Forms. 


0  UNIFIEO  NATIONAL  SCREW  THREAO 


®  AMERICAN  NATIONAL  TAPER  PIPE  THREAO 

Answer  tne  following  TRUE  or  FALSE. 

I.      The  unified  national  screw  thread  has  a  taper. 


Answers  to  Frame  17:    1.    a,      2.    d,      3*    c,      4.  d 
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Frame  19 


Plain  nuts  are  not  self -locking.    When  these  nuts  are  used, 
they  shall  be  locked  with  some  type  of  locking  device.    The  device 
can  be  a  checknut  or  lockwasher. 


A  checknut  Is  a  type  of  plain  nut  used  to  lock  a  plain  nut. 
They  are  also  used  as  locklrg  devices  for  set  screws  and  threaded 
rod  ends.    Shown  are  two  ways  checknuts  are  used.    Study  the  Il- 
lustrations above  and  below.    Checknuts  are  thinner  than  plain  nuts. 


Is  the  following  statement  TRUE  or  FALSE? 

1.      An  alternate  method  of  locking  (safetylng)  a  nonself-locklng 
plain  nut  Is  through  the  use  of  safety  wire. 


Answer  to  Frame  18:    1.  FALSE 
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Castellated  nuts  are  used  on  drilled  shank  bolts,  clevis  bolts, 
and  drilled  head  studs.    These  nuts  can  be  secured  with  cotter  pins 
or  safety  wire.    The  multiple  slot  arrangement  permits  proper  ad- 
justment of  tension  with  the  correct  alignment  of  slots  and  holes. 


CASTELLATED  NUT 


The  illustration  below  shows  how  to  use  a  cotter  pin  to  secure 
a  castellated  nut.    Shear  nuts  are  also  made  for  use  with  devices, 
such  as:    clevis  bolts  and  threaded  taper  pins  that  are  subjected 
to  stress  instead  of  tension.    A  shear  nut  has  at  least  three  threads 
below  the  castellations.    Shear  nuts  are  thin  and  are  available  in 
the  self-locking  style. 


Safe*ying  by  Use 
of  Cotter  Pins. 


The  wingnut  is  used  where  the  desired  tightness  is  obtained  by 
the  use  of  the  fingers  and  where  the  assembly  is  frequently  removed. 
When  safe tying  of  this  nut  is  required ,  a  hole  is  drilled  through 
one  of  tbe  "wings"  and  secured  with  safety  wire. 


wino  nut 

Answer  the  statements  as  true  (T)  or  false  (F) . 

1.  The  correct  use  for  a  castellated  nut  is  with  a  drilled 
head  bolt. 

2.  A  shear  nut  is  most  generally  used  with  a  clevis  bolt. 

3.  Wing  nuts  are  used  where  the  desired  tightness  is  obtained 
by  the  use  of  the  fingers. 


Answer  to  Frame  19:    1.  FALSE 
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Frame  21 


Nonmetallic  type  self -locking  nuts  have  a  nylon  insert.  The 
insert  has  a  smaller  inside  diameter  than  that  of  the  bolt.  The 
nylon  puts  a  locking  force  oa  the  bolt. 


1  THREADED  NUT  CORE 

2  NUT  CASE 

3  KEY  WAY 

4  LOCKING  SHOULDER 

Nonmetallic  self-locking  nuts  shall  not  be  subjected  to  tempera- 
tures in  excess  of  250  degrees  Fahrenheit.    As  illustrated  in  the 
diagram,  self-locking  nuts  are  available  in  thick  or  thin  styles. 


Thick  thin. 
SELF  LOCKING  NUTS 

All  metal  self-locking  nuts  are  similar  to  nonmetallic  self- 
locking  nuts  except  the  type  of  insert.    The  nuts  are  used  where 
temperatures  are  extremely  high  (3060°F.    Exhaust  section  of  jet 
engine) .    The  all-metal  self-locking  nut  has  threads  out  of  phase 
or  pinched  in  at  the  top  to  bind  the  bolt  and  maintain  tightness. 

New  self-locking  nuts  must  be  used  each  time  components  are 
installed  in  critical  areas  throughout  entire  aerospace  vehicle 
including  all  flight,  engine,  turbopropeller ,  and  fuel  control 
linkage  and  attachments. 


Answers  to  Frame  20:    1.    F,      2.    T,      3.  T 
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Frame  21  (Cont'd) 


Complete  the  statement. 

1.      The  type  of  nut,  which  must  not  be  used  in  applications  where 
the  temperature  is  above  250  degrees  Fahrenheit,  is  the 

a.  castellated  nut. 

b.  all-metal  self-locking  nut. 

c.  nonmetallic  self-locking  nut. 

d.  plain  nut* 


611 


Frame  22 


Match  the  descriptions  on  the  right  with  the  names  on  the  left. 


1.  Nonmetallic  self-locking 
nut 

2.  Castellated  nut 

3.  All  metal  self- locking 
nut 

4.  Plain  nut 


a.  has  slots  at  the  top  to 

be  used  with  drilled  bolts 
with  a  cotter  pin  to  main- 
tain its  position. 

b.  has  threads  out  of  phase 
or  pinched  in  at  the  top 
to  bind  on  the  bolt  and 
maintain  tightness, 

c.  requires  an  auxiliary  lockin 
device,  such  as  a  check- 
nut  or  lockwasher. 

d.  has  a  nylon  insert  at  the 
top  to  bind  on  the  bolt 
and  maintain  tightness. 


Answer  to  Frame  21:    1.  c 
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Frame  23 


Plain  nuts  are  used  for  blind  mounting  and  for  easier  mainte- 
nance-   They  can  be  either  self- locking  or  plain.    They  are  made 
in  a  wide  range  of  sizes  and  shapes.    One  lug,  two  lugs,  and  right- 
angle  shapes  are  made  to  fit  various  nut  locations-  Floating-type 
nuts  give  a  controlled  amount  of  nut  movement  to  compensate  for 
subassembly  misalignment  during  installation. 


NUT 


CHANNEL 


C  72  IN.  * 

a 

INSTRUMENT 
PANEL 


PLATE  NUT 


Gang  channel  nuts  are  used  where  anchored  nuts  must  be  equally 
spaced  around  openings.    Some  examples  are  access  and  inspection 
doors  and  removable  leading  edges.    Straight  or  curved  channel 
strips  give  a  wide  range  of  nut  spacing.    They  are  a  mult '.pie  nut 
unit  that  has  all  advantages  of  float- type  nuts.    They  are  self -locking. 

Answer  the  statements  as  true  (T)  or  false  (F)  . 

1.  Plate  nuts  are  used  for  mountings  that  are  easy  to  reach. 

2.  A  float-type  nut  has  some  movement  to  compensate  for  mis- 
alignment of  subassemblies. 

3.  Gang  channel  nuts  are  anchored  and  equally  spaced. 


Answers  to  Frame  22:    1.    d,      2.    a,      3.    b,  4. 
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Frame  24 


Instrument  mounting  nuts  are  used  for  front  mounting  of  air- 
craft instruments.    The  nuts  may  be  put  in  the  instrument  for  rear 
mounting  (see  illustration  "B") .    The  nut  is  made  of  nonmagnetic 
material  and  is  used  just  with  a,standard  instrument  mounting  screw, 
size  6-32.    The  names  of  the  parts  of  the  nut  are  shown  in  illustration 
"A".    There  are  several  shank  lengths  to  fit  the  different  panels  and 
bezel  thicknesses.    Illustrations  "C"  through  "F"  shows  how  a  nut 
is  put  in  the  instrument  panel. 


Answers  to  Frame  23:    1.    F,      2.    T,      3.  T 
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Frame  24  (Cont'd) 

Answer  the  statements  as  true  (T)  or  false  (F) . 

1.      Instrument  mounting  nuts  come  in  several  sizes* 

2%      Instrument  mounting  nuts  can  be  used  on  front  mounted 
instruments  only. 

3.  Instrument  mounting  nuts  are  available  in  several  different 
shank  lengths. 

4.  Instrument  mounting  nuts  that  are  attached  to  the  instru- 
ment would  require  the  instrument  to  be  rear  mounted. 
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Frame  25 


The  types  of  washers  used  in  aircraft  structures  are  plain  washers, 
lockwashers,  and  special  washers. 

Plain  washers  are  used  under  nuts  to  provide  a  smooth  bearing 
surface.    They  can  be  used  as  shims  to  adjust  the  posiiton  of  castel- 
lated nuts  with  respect  to  drilled  cotter  pin  holes  in  bolts.  They 
are  also  used  under  lockwashers  to  prevent  damage  to  surfaces  of  soft 
material. 


Complete  the  statement. 

1.      Plain  washers  are  used  under  nuts  to 

a.  prev:nt  a  galvanic  action  from  dissimilar  medals. 

b.  provide  a  smooth  bearing  surface. 

c.  prevent  loosening  of  threaded  fasteners. 

d.  act  as  shims  between  the  threads  of  bolts  and  nuts. 


THICKNESS  H 


9 

ERIC 


Answers  to  frame  24:    1.    F,      2.    F,      3.    T,      4.  T 


Frame  26 


Lockwashers  are  used  with  plain  nuts  when  self-locking  or  castel- 
lated type  nuts  are  not  used.    The  spring  action  of  the  washer  keeps 
the  nut  from  working  loose.    Lockwashers  are  not  to  be  used  where 
failure  of  the  washer  might  cause  damage  or  danger  to  aircraft  cr 
personnel.    The  following  diagram  shows  a  lockwasher. 


Complete  the  statement. 

1.      Lockwashers  are  used  with  plain  nuts 

a.  when  self- locking  or  castellated  type  nuts  are  not 
applicable. 

b.  on  primary  and  secondary  structures. 

c.  on  soft  metals  without  plain  washers. 

d.  on  exposed  surfaces  subject  to  airflow. 


LOCKWASHER 


Answers  to  Frame  25:    1.    b,  d 
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Frame  27 


Some  types  of  lockwashers  have  internal  or  external  teeth. 
The  teeth  are  twisted  slightly  to  provide  a  locking  effect  when 
tightened. 


THICKNE: 


INTERNAL  TEETH  EXTERNAL  TEETH 

LOCK  WASHER 

There  are  many  types  of  special  washers,  used  in  various  ap- 
plications.   Some  special  washers  are  shown  in  the  diagrams  below. 
These  are  finishing  washers,  phenolic  fiber  washers  and  tab  type 
washers.  ,  On  the  tab  type  washer  one  or  more  of  the  tabs  are  bent 
up  against  the  tightened  nut  to  prevent  it  from  loosening. 


l  INSIDE  . 
[DIAMETER! 


.     outs.de  J 

[DIAMETER  ! 


—THICKNESS 

INSIDE 
DIAMETER  - 


SECTION  A-A  A„ 
COUNTERSUNK  TYPE,  FINISHING  WASHER 


THICKNESS— 1 


FLAT,  PHENOLIC  FIBER  WASHER 


THICKNESS- 
TAB  TYPE  WASHER 


NO  RESPONSE  REQUIRED 
Answer  to  Frame  26:    1.    a  34 
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Frame  28 


Cotter  pins  are  used  to  secure  bolts,  screws,  castellated  nuts, 
and  Dins.    A  cotter  pin  is  a  "split11  metal  pin  that  is  put  in  a 
nole  and  then  spread  apart,  one  half  each  way.    Cotter  pins  are  used 
for  they  can  be  removed  and  installed  quickly.    Cotter  pins  are  made 
in  various  lengths  and  diameters.    The  size  of  a  pin  should  be  the 
1  .rgest  size  that  will  fit  in  a  cotter  pin  hole  and/ or  the  slots  in 
a  nut.    The  following  diagrams  show  some  of  the  types  of  cotter  pins 
and  methods  of  securing  them. 


Answer  to  Frame  27 :    None  Required         0  1 

bl 
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Frame  28  (Cont'd) 

Answer  the  question. 

1.     What  is  the  purpose  of  the  cotter  pin  installed  as  shown 
in  the  diagram  below? 


a.  To  keep  the  nut  fron  wobbling  and  thereby  ruining 
the  nut  threads. 

b.  To  hold  the  bolt  in  place. 

c.  To  keep  the  nut  from  damaging  the  bolt  threads. 

d.  To  keep  the  nut  from  loosening. 


36  620 


The  tumbuckle  used  to  adjust  the  tension  on  * 
It  has  a  brass  barrel  with  right-hand  threads  .^^SL^ta  ^  ■ 
hand  threads  in  the  other.    The  three  types  of  tumbuckle  ends  are 
fork   rSin  eye,  mi  cable  eye.    These  parts  are  shown  below.  Take 
a  look  at  J         /ith  the  left  and  right-hand  threads  in  the  barrel, 
turninglhe       .  1        way  will  tighten  both  ends  and  the  other  way 
will  loosen  both  ends. 


ft  K  THftCAO 


M  THREAD 


BARREL 


a* 


0# 

i 


FORK  PIN  EYE  CABLE  EVE 

Match  the  letters  to  the  names  on  the  left. 

1.  Barrel. 

2.  Fork  End. 

3.  Cable  Eye  End 
Answer  the  question. 

4.  What  is  the  designed  use  of  a  tumbuckle? 

a.  Holds  two  pieces  of  metal  securely  together. 

b.  (feed  to  safety  a  cable  connection. 

c.  To  determine  if  a  bolt  has  left  or  right-hand  threads. 

d.  Used  to  adjust  cable  tension. 


Answer  to  Frame  28:    1.  d 


Frame  30 


Flexible  hose  and  flexible  hose  assemblies  are  used  when  there 
is  an  excessive  amount  of  vibration.    They  are  also  used  wnen  the 
units  they  connect  moves  during  flight. 

Flexible  hose  is  marked  with  a  series  of  dots,  dashes  and  let- 
ters (as  shown  below).    These  markings  are  used  for  identification. 
The  markings  are  color  coded  to  show  different  types  of  hose.  The 
markings  on  the  hose  show  several  things:    manufacturer,  the  military 
specification,  the  size,  and  the  date  it  was  made.    The  size  of  the 
hose  is  the  inside  diameter  measured  in  sixteenths  of  an  inch.  The 
manufacture  date  is  shown  by  the  quarter  v f  the  year  and  year  the 
hose  was  made. 


RED  NUMERALS.  LETTERS  ANO  STRIPE 


St/f-Sto/ing,  Aromoffc-Rts/sfaitf  Not*, 


5593-6-4/57  Mf,Sy«U 


33 


YELLOW  NUMERALS.  LETTERS  ANO  STRIPE 

Nons.tt-S.Winf,  ArommUc-Kaalrtoat 
Hot;  military  SaacHlcatlon  M/L-H-5593 
(NOT  HEAT  RESISTANT) 


RED 


WHITE  NUMERALS.  LETTERS  ANO  STRIPE 


(VIEWS  SHOWING  OPPOSITE  SIOES  OP  HOSE) 
Non»«/f..W/Bj,  Aromatic-  and  H«rt-R»*l*tont  Hon,  military  Specification  MIL-H-6000 

NO  RESPONSE  REQUIRED 


Answers  to  Frame  29:    1.    b,      2.    c,     3.    a,     4.  d 
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Like  the  flexible  hose,  tiding  is  measured  in  sixteenths  of  an 
inch.    However ,  tubing  is  measured  on  the  outside  diameter.    If  a 
tube  is  1/2  inch  in  diameter  it  would  be  referred  to  as  a  number 
8  tube.    This  is  because  1/2  inch  is  8  sixteenths  of  an  inch.  Tubing 
size  varies  from  1/8  inch  to  2  1/4  inches.    This  is  shown  as  a  number 
2  to  a  number  36. 

Is  the  following  statement  TRUE  or  FALSE? 

1.      A  number  6  fitting  would  be  used  with  3/8  inch  OD  tubing. 


Answer  to  Frame  30:    Nor  \  Required 

623 
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Frame  32 


The  tubing  used  in  aircraft  systems  is  made  of  aluminum  alloy. 
Aluminum  tubing  is  light  and  can  be  formed  and  bent  easily;  therefore, 
care  must  be  taken  in  handling  it  so  that  it  will  not  be  damaged. 
Corrosion  resistant  steel  tubing,  is  stronger  but  not  as  easily  formed, 
is  used  on  hydraulic  systems  operating  at  3,000  psi  or  higher. 

Tubing  size  is  found  by  measuring  the  outside  diameter  (OD)  in 
sixteenths  of  an  inch.    The  top  half  of  the  fraction  is  the  tubing 
size  number.    Example:    A  1  inch  OD  tube  is  called  number  16  tubing. 
1"  -  16/16ths  -  #16  tubing.    7/8  inch  tubing  is  number  14  tubing  7/8" 
-  14/16ths  -  #14  tubing. 

Match  each  size  tubing  the  outside  diameter  measurement  on  the 


right. 

1. 

Number  4  tubing 

a. 

5/8" 

OD 

2. 

Number  6  tubing 

b. 

1/4" 

OD 

3. 

Number  8  tubing 

c. 

1/2" 

OD 

4. 

Number  10  tubing 

d. 

3/4" 

OD 

5. 

Number  12  tubing 

e. 

3/8" 

OD 

Match  the  outisde  diameter  measurements  on  the  left  with  the 
tubing  sizes  on  the  right. 


Frame  33 


1. 


1  1/2 


OD  tubing 


a. 


Number  1  1/2  tubing 


2. 


1  1/4 


OD  tubing 


b. 


Number  16  tubing 


c. 


Number  1  1/4  tubing 


d. 


Number  20  tubing 


Number  24  tubing 


\nswer  to  Frame  31:  1. 


TRUE 
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Frame  34 


The  size  of  a  fitting  is  determined  by  the  outside  diameter  of 
the  tubing  to  which  it  connects. 

The  Air  Force  uses  two  types  of  fittings  with  tubing:    AN  FLARE 
fittings ,  and  MS  FLARELESS  fittings.    AN  fittings  have  a  sleeve  with 
a  beveled  edge  to  fit  the  flare  of  the  tubing  and  to  form  a  seal 
when  the  tubing  nut  is  drawn  tight*    Tubing  used  with  MS  fittings 
is  not  flared.    When  the  tubing  nut  is  tightened  on  an  MS  fitting 
the  sleeve  is  wedged  between  the  tubing  and  the  fitting  to  form  a 
seal.    The  torque  on  MS  fittings  is  critical.    Too  much  torque  will 
cause  them  to  leak. 

Match  the  two  illustrations  with  the  correct  name. 

1.  AN  fitting. 

2.  MS  fitting. 


Answer  the  questions. 

3.  What  type  fitting  is  used  with  tubing  that  is  not  flared? 

a.  AN  fitting 

b.  MS  fitting 

c.  Both 

d.  Neither 

4.  What  type  fitting  is  used  with  flared  tubing? 

a.  AN  fitting 

b.  MS  fitting 

c.  Both 

d.  Neither 


Answers  to  Frame  32:  1.  b,  2.  e, 
Answers  to  Frame  33:    1.    e,      2.  d 


3. 


4.    a,      5.  d 


41 
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Frame  34  (Cont'd) 

Match  the  illustrations  with  the  correct  uses. 

5.  Used  when  tubing  is  not  flared. 

6.  Connects  different  sized  tubing. 

7.  Used  with  flared  tubing. 

8.  Connects  two  tubes  of  the  same  size 


(UNION) 


( REDUCER) 


Frame  35 

Fitting  types  and  material  are  identified  by  color.  Aluminum 
AN  fittings  are  blue.    Steel  AN  fittings  are  black.    Aluminum  MS  fit- 
tings are  gray  or  light  yellow.    Steel  MS  fittings  are  dark  yellow. 
These  fittings  are  not  interchangeable.    Steel  fittings  are  used 
for  high  pressure  where  aluminum  fittings  will  not  hold.    AN  fittings 
must  have  flared  tubing  while  MS  fittings  will  not  fit  flared  tubing. 

Match  the  identifying  color  with  each  type  fitting. 


1. 

MS  aluminum  fitting. 

a. 

Dark  yellow 

2. 

AN  aluminum  fitting. 

b. 

Blue 

3. 

MS  steel  fitting. 

c. 

Gray  or  light  yellow 

4. 

AN  steel  fitting. 

d. 

Silver 

e. 

Black 

9 
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Frame  36 


Match  the  information  below. 

1.      Connects  different  sized  tubing. 

2-.      Used  where  tubing  is  flared. 

3.  Connects  two  pieces  of  the  same 
size  tubing 

4.  Used  with  flareless  tubing. 


a. 
b. 
c. 

d. 


Reducer 
Union 
MS  fitting 
AN  fitting 


Frame  37 


Match  the  illustrations  to  their  names. 

1.  AN  fitting. 

2.  MS  fitting. 

3 .  Union . 

4.  Reducer. 


Answers  to  Frame  34:  1.  a,      2.    b,  3.    b,     4.    a,      5.  d, 

6.    c,      7.    a,  8.  b 

Answers  to  Frame  35:  1.  c,      2.    b,  3.    a,     4.  e 
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Frame  38 

AN  standard  fittings  should  be  used  in  preference  to  all  other 
flared  fittings.    Fitting  slz^s  must  match  to  the  size  of  tubing  they 
are  used  with.    Tubing  fittings  have  either  tapered  pipe  threads 
or  straight  threads.    Pipe  thread  fittings  are  made  in  a  cone  shape. 
Straight  threads  are  the  same  in  diameter  the  entire  length  of  the 
threads • 

The  hole  the  pipe  thread  fitting  goes  into  is  tapered  like  the 
fitting.    As  the  pipe  thread  fitting  is  screwed  in,  its  threads 
seal  against  the  threads  of  the  hole. 


STRAIGHT  THREAD         PIPE  THREAD 
NO  RESPONSE  REQUIRED 


ERIC 


Answers  to  Frame  36:  1.  a,  2.  d,  3.  b,  4.  c 
Answers  to  Frame  37:    1.    a,      2.    b,      3.    a,     4.  c 


Frame  39 


Fitting  types  and  materials  are  identified  by  color.    AN  aluminum 
fittings  are  blue.    AN  steel  fittings  are  black.    Aluminum  bronze 
fittings  are  cadmium  plated  and  are  not  otherwise  colored.  These 
fittings  are  not  interchangeable ,  because  if  two  dissimilar  (unlike) 
metals  are  brought  together  they  will  corrode.    Corrosion  can  cause 
a  potential  fire  hazard  in  the  presence  of  oxygen,  or  a  weakness  in 
the  metal. 

Match  the  identifying  color  with  each  type  of  fitting. 

1.  AN  aluminum  fitting.  a.      Dark  yellow 

2.  AN  steel  fitting.  b.  Blue 


c. 


Gray  or  light  yellow 


d. 


Silver 


e. 


Black 


• 


Answer  to  Frame  38:    None  Required 
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Frame  40 


A  flare  and  a  sleeve,  witl;  a  nut,  are  used  when  connecting  straight 
tnveads  to  tubing.    The  s7oeve  is  used  to  seal  '.he  u«b*.ng  tc  the  nut 
and  to  the  fitting.    The  nut,  of  course,  is  used  to  connect  ti.e  tubing 
to  the  fitting.    The  nipple  is  used  to  connect  a  piece  of  tubing  to 
a  device  having  pipe  threads. 


Pip. 


SJeeve:  Nut: 

CoupUng. 


Bevelled  surface  mete, 
with  feared  tubing 

8ix«l«fct 

thXMd 


Nipple 


The  flared  tubing  fittings  most  commonly  used  in  the  tubing  systems 
of  aircraft  is  the  coupling  nut  and  sleeve. 

NO  RESPONSE  REQUIRED 


Answers  to  Frane  39:    1.    b,      2.  e 


"  630 


Frame  41 


M?tch  the  fittings  to  the  descriptions. 


b. 


c. 


-------4 


1.  Nipple,  flared  tubing  to  pipe. 

2.  Nipple,  pipe  thread  on  both  ends. 

3.  Union,  flared  tube. 

4.  Coupling,  internal  pipe  thread. 


IK 


Answer  to  Frair*  40:    None  Reqv  red 
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Frame  42 


In  this  and  the  following  frames  you  will  be  shown  various  AN 
fittings.    You  may  well  encounter  these  fittings  at  a  later  time 
in  the  performance  of  your  job.    Study  the  illustrations  carefully. 
Then  you  will  demonstrate  your  ability  to  identify  these  fittings. 
Let's  see  how  well  you  do  with  the  following. 

Match  the  fittings  to  the  descriptions. 


1.  Elbow,  90°  flared  tube. 

2.  Elbow,  90°  internal  and  external  pipe  threads. 

3.  Elbow,  f0°  internal  pipe  threads. 

4.  Elbow,  90°  flared  tube  to  pipe. 


Answers  to  Frame  41:    1.    c,     2.    b,      3.    a,     4.  d 


d. 
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Frame  43 

Match  the  illustrations  with  their  correct  descriptions. 


1. 
2. 
3. 
4. 
5. 
6. 


-RUN 


C. 


*  woe  ME  7 


RUN 


Bushing,  reducer. 
Tee,  flared  tubu. 

Elbow  45°  Internal  and  external  pipe  threads. 
Tee;  flared  tube,  pipe  thread  on  side. 
Elbow  45°  flared  tube  to  pipe. 
Tee,  flared  tube,  pipe  thread  on  the  run. 


ER?C 


Answers  to  Frame  42:    1.    d,      2.    c,      3.    b,     4.  a 
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Frame  44 


Bulkhead  and  universal  fitting  combinations  can  be  mounted, 
solidly  to  a  bulkhead  or  component  with  one  outlet  adjusted  to 
any  angle.    "Bulkhead11  means  that  the  fitting  is  long  enough  to 
go  through  a  bulkhead.    'Universal11  means  that  the  fitting  can 
be  set  at  any  angle,  using  a  universal  fitting  bolt. 

When  installing  a  bulkhead  fitting,  a  jam  nut  is  used  to  hold 
the  fitting  securely  in  the  bulkhead.    This  is  shown  in  the  fol- 
lowing illustration.    Fittings  with  evidence  of  visible  damage, 
(stripped  threads,  deep  gouges  and  nicks,  wrench  jaw  marks,  etc) 
will  be  replaced. 

Match  the  fittings  to  the  correct  name. 


2.  Tee,  flaied  tube,  bulkhead. 

3.  Elbow  90°,  flared  tube,  bulkhead. 

4.  Union,  flared  tube,  extra  length,  for  mounting  in  a  oulkhead. 

5.  Elbow,  90°  universal. 

6.  Elbow,  45°. 

Answers  to  Frame  43:    1.    b,      2.    c,      3.    d,     4.    f ,      5.  e, 
6.  a 
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Code  bands  of  varicolored  tape  are  attached  to  the  tubing  through- 
out the  aircraft.    These  bands  are  placed  near  the  joints  and  quickly 
identify  the  content  and  danger  when  working  on  or  around  these  tubing, 

A  chart  showing  some  of  the  color  coding  for  tubing  system*  is 
shown  above,    rhis  chart  can  be  found  in  the  appropriate  technical 
orders • 

Match  the  color  code  to  the  systems  listed  below. 


1.  Fire  protection* 

2.  Lubrication 

3.  Breathing  oxygen. 

4.  Fuel 

5.  Air  condition. 

6.  Pneumatic. 

7.  Hydraulic. 

8.  De-icing 


a. 
b. 
c. 
d. 
e. 
f . 

g- 
h. 


Gray 

Blue-yellow 

Brown- gray 

Green 

Yellow 

Red 

Brown 

Red-blue 


ERLC 


Answers  to  Frame  44;  1.  f, 
6.  b 


2.    a,     3.    d9     4.    c,     5.  e, 

6&5    BEST  COPY  AVAILABLE 


Frame  46 

Answer  the  statements  as  true  (T)  or  false  (F) . 

1.  The  two  most  common  types  of  tubing  used  in  aircraft  systems 
lines  are  corrosion-resistant  aluminum  alloy  and  copper. 

2.  Aluminum  alloy  tubing  is  most  widely  used  in  low  and  medium 
pressure  systems. 

3.  The  color  code  which  identifies  the  contents  of  the  system 
as  breathing  oxygen  is  red. 

4.  Stainless  steel  tubing  is  used  in  high-pressure  systems. 


Answers  .^  Frame  45:  1.  g,  2.  e,  3.  dt  4.  ft  5. 
6 .    h»      / .    b»     8.  a 

52 
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Frame  47 


Solderless  terminal  lug  (A)  permit  easy  and  efficient  connection 
and  disconnection  of  wire  from  electrical  equipment.  Solderless 
splices  (B)  join  electrical  vires  to  form  permanent  continuous  runs. 
These  terminal  lugs  and  splices  come  preinsulated  (A)  or  uninsulated 
(B) .    They  are  made  of  copper  or  aluminum. 

Note:    Copper  wire  requires  copper  connectors  and  the  aluminum 
wire  requires  aluminum  connectors. 


Select  the  correct  statement (s) . 

1.  To  join  electrical  wires  to  form  a  continuous  run,  solder- 
less terminal  lugs  are  used. 

2.  Solderless  terminal  lugs  permit  easy  disconnection  and 
connection  to  electrical  equipment • 

3.  Solderless  terminal  lugs  and  solderless  splices  may  be 
uninsulated  or  preinsulated. 


Answers  to  Frame  46:    1.    F,      2.    T,      3*    T,      4.  F 
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Frame  48 

Aircraft  vibration  does  tend  to  loosen  or  alter  the  adjustment 
of  various  parts.  These  parts  are  safetied  by  an  auxiliary  device, 
such  as  safety  wire. 

Safety  wire  is  made  of  copper,  aluminum  or  steel.    Copper  wire 
(.020-inch  diameter),  is  used  for  safstying  seals  on  equipment 
such  as  xirst  aid  kits  and  portable  fire  extinguishers. 

Aluminum  wire  (.032-inch  diameter)  is  used  for  safety ing 
emergency  valves  or  oxygen  regulators.    BE  SURE  TO  CONSULT  THE  SPECIFIC 
TECHNICAL  ORDER  AND  USE  THE  WIRE  SIZE  REQUIRED, 

Some  emergency  devices  use  a  safety  or  shear  wire.    Care  must 
be  used  to  be  sure  that  the  use  of  safety  wire  will  not  stop  the 
emergency  operation  of  the  device. 

The  illustrations  shown  are  typical  examples  of  proper  safety 
wire  installations.  Study  these  illustrations.  Notice  the  proper 
way  to  install  safety  wire  for  a  given  situation. 


NO  RESPONSE  REQUIRED 

Answers  to  Frame  47:    1,    Ff      2,    T,      3,  T 

Q  54 
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Frame  49 


Two  methods  of  safety  wiring  are  used:    the  single-wire  method 
and  the  double- twist  method.    The  single-wire  method  is  used  on 
emergency  devices.    The  single-wire  method  is  also  used  in  areas 
hard  to -reach  and  for  small  screws  in  a  closely  spaced  pattern. 

The  double-twist  method  is  the  most  common  method  used.  The 
most  common  sizes  of  safety  wire  in  use  are  .020  inch  and  .032  inch. 

Complete  the  statement. 

1.      The  two  sizes  of  safety  wire  most  commonly  used  to  safety 


parts,  using  the  double-twist  method ,  are 

a.  .032-inch  and  .037-inch. 

b.  .020- inch  and  .037-inch. 

c.  .041-inch  and  .047-inch. 

d.  .020-inch  and  .032-inch. 


Answer  to  Frame  48:    None  Required 
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Frame  50 


The  number  of  bolts,  nuts,  screws,  etc,  that  may  be  wired 
together  depends  upon  the  application.    When  the  double-* twist  method 
is  used,  tva  maximum  number  of  wider  spaced  bolts  that  can  be  wired 
in  a  series  is  three.    The  number  of  closely  spaced  bolts,  that 
can  be  wired  by  a  2< -inch  length  of  wire  is  the  maximum  number 
in  a  series. 

Complete  the  statement. 

1.      The  maximum  number  of  widely  spaced  bolts  which  may  be 
wired  in  a  series  is 


a. 


1. 


b. 


2. 


c. 


3. 


d. 


4. 


Answer  to  Frame  49:  1. 


d 
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The  correct  procedure  for  safety  wiring  will  be  explained  in 
the  safety  wiring  project.    In  that  project,  you  will  learn  the 
proper  method  by  actually  doing  the  job. 


Answer  to  Frame  50:    1.  c 


Caution:    TO  BE  USED  BY  THE  PNEUDRAULIC  COURSE  ONLY. 


Frame  51 


Note:  To  complete  this  terminal  frame  you  must  have  a  hardware 
trainer. 

Match  the  names  listed  below  with  the  correct  item  on  the  trainer. 
Place  the  number  on  the  trainer  that  corresponds  to  the  item  you 
selected  on  the  separate  answer  sheet.    Some  items  on  the  trainer 
are  not  in  this  list. 


2.  Bolt,  clevis. 

3.  Bolt,  hex  head  steel. 
4  ,  Cotter  pin. 

5.  Eyebolt. 

6.  Machine  screw,  flathead. 

7.  Screw,  Reed  and  Prince  head, 

8.  Reducer  steel. 

9.  Machine  screw,  fillister 
head. 

10.  Plate  nut. 

11.  Cross  fitting  steel. 

12.  Wing  nut. 

13.  Nut,  plain  steel. 

14.  Screw,  Phillips  head. 

15.  Nut,  castellated  steel. 

16.  Bolt,  drilled  head  steel. 

17.  Tee  fitting  bulkhead. 

18.  Nut,  self-locking  aluminum. 

19.  Nut  steel  self-locking. 

20.  Sleeve. 


22.  Elbow  90°,  bulkhead. 

23.  Union  MS. 

24.  Tee  fitting. 

25.  Nipple,  flared  tube  to  pipe. 

26.  Elbow  90°,  pipe  to  tube. 


o 
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Answers  to  Frame  51: 


2.  6. 

8.  « 

4.  17. 

5.  12. 

6.  23. 

7.  22  or  23. 

8.  47. 

9.  14. 

10.  20. 

11.  44. 

12.  21. 

13.  41. 


15.  27. 

16.  8. 

17.  36. 

18.  28. 

19.  25. 

20.  39. 

21.  51. 

22.  46. 

23.  18. 

24.  45. 

25.  42. 

26.  53. 


59 

64 


Caution:    TO  BE  USED  BY  INSTRUMENT  COURSE  ONLY. 


Frame  51A 

Note:    To  complete  this  frame  you  must  have  a  hardware  trainer. 

Match  the  names  listed  below  with  the  correct  item  on  the  trainer. 
Place  the  trailer  number  that  corresponds  with  that  item  on  the 
separate  answer        et.    Some  items  on  the  trainer  are  not  listed. 


- .  Wood  washer. 

2.  Bolt,  clevis. 

3.  Bolr  head  steel. 
L  .  Cotten  pin. 

5.  Eyebolt. 

6.  Machine  screw,  flathead. 

7.  Screw,  Reed  and  Prince  head, 

8.  Lock  washer. 

9.  Machine  screw,  roundhead. 

10.  Plate  nut. 

11.  Machine  screw,  Fillister 
head. 

12.  WLng  nut. 

13.  Nut,  plain  steel. 

14.  Screw,  Phillips  head. 

15.  Nut,  castellated  steel. 

16.  Bolt,  drilled  head  steel. 

17.  Screw,  sheetmetal. 

13.  Nut,  self-locking  aluminum. 

19.  Nut,  steel  self-lo eking. 

20.  Dzus  stud. 


21.  Splice. 

22.  Elbow  90°,  bulkhead. 

23.  Tinnerman  uut. 

24.  Tee  fitting. 

25.  Cross  fitting,  internal 
threads, 

26.  Elbow  90°,  pipe  to  tube. 
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Answers  to  Frame  51A: 


2.  -  1. 

3.  5. 

4.  12. 

5.  7. 

6.  10. 

7.  18. 

8.  24. 

9.  9. 

10.  15. 

11.  4. 

12.  16. 

13.  21. 


15.  22. 

16.  3. 

17.  13. 

18.  20. 

19.  23. 

20 .  29 . 

21.  33. 

22.  AO. 

23.  32. 

24.  39. 

25.  36. 

26.  47. 


Caution;    TO  BE  USED  BY  ENVIRONMENTAL  COURSE  ONLY. 
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Caution:    TO  BE  USED  BY  ENVIRONMENTAL  COURSE  ONLY* 

Frame 

Match  the  names  below  with  the  correct  item  on  the  opposite  page. 
Place  fhe  capital  letter  that  corresponds  with  that  item  on  the 
separate  answer  sheet.    Some  items  are  not  listed. 

2.  Bolt,  hex  head  aluminum. 

3.  Bolt,  hex  head  steel* 

4.  Pipe  thread  (basic  design). 

5.  Bolt,  internal  wrenching. 

6.  Screw,  machine  flathead. 

7.  Universal  fitting 
combinations • 

8.  Lock  washer,  internal. 

9.  Tube,  beaded  end. 

10.  Nut,  plate. 

11.  Screw,  machine  Fillister  head, 

12.  Nut,  wing. 

13.  Shock  mount. 

14.  Screw,  crosspoint. 

15.  Nut,  castle. 

16.  Bolt,  drilled  hex  head. 

17.  Screw,  sheet  metal  (:  alf- 
tapping) . 

18.  Nut,  fiber  self -locking. 

19.  Joint  (section)  flared  tubing. 

20.  Tube,  double-flared. 

21.  Splice,  solder less. 

22.  Tee,  flared  tube,  bulkhead. 

23.  Steel  flared  fitting. 

24.  Nipple,  pipe  thread.  647 
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Answers  to  Frame  5 IB: 


"1 

1. 

G  . 

2. 

w. 

3. 

X. 

4. 

L. 

->. 

D. 

0  . 

A  or 

E. 

7. 

p. 

8. 

Q. 

9  . 

z. 

10. 

S . 

11. 

B. 

1 1 
11. 

TT 

13. 

J . 

14. 

A  or 

E. 

15. 

T. 

16. 

I. 

17. 

F. 

18. 

U. 

19 . 

BB . 

in 

20. 

AA. 

21. 

Y. 

22. 

0. 

23. 

M. 

24. 

N. 
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OBJECTIVES 

Use  Ohm9 8  Law  and  power  formulas  to  solve  for  unknown  values  In 
basic  electrical  circuits .    A  minimum  of  eight  out  of  ten 
unknown  values  must  be  correct. 

INSTRUCTIONS 

This  programmed  text  presents  information  in  small  steps  called 
"frames".    Carefully  study  the  written  material  and/ or  diagram 
in  each  frame  until  you  are  satisfied  that  you  understand  its 
contents.    Each  frame  requires  you  to  respond  mo  the  information 
in  some  way.    For  example,  you  may  be  required  to  select  the  true 
statements  or  insert  a  correct  answer*    Specific  instructions  are 
provided  in  each  frame.    After  you  have  made  your  response, 
compare  your  answers  with  the  answers  at  the  bottom  of  the  next 
frame.    If  you  are  incorrect,  study  the  frame  again  and  correct 
your  mistakes  before  continuing.    Read  carefully,  select  the 
correct  answers  and  DO  NOT  HURRY. 


Supersedes  3ABR42331-PT-116,  6  March  1980. 
OPR:    3370  TCHTG 
DISTRIBUTION:  X 

3370  TCHTG /TTGU-P  -  1000;  TTVSA  -  1 


2  650 


ERIC 


FRAME  1 

In  the  following  circuits  you  will  see  what  happens  when  the  voltage, 
current  or  resistance  values  are  changed. 


I 


—    E-12V       I  R«=2 
I"   6  a 


I 


Figure  1. 


1.      If  the  circuit  below,  figure  2,  is  compared  to  the  circuit  above, 
figure  1,  you  would  see  the  resistor  value  has  been  increased  to 
6  ohms.    This  increase  will  cause  the  circuit  current  to  drop  to 
2  amps. 


Figure  2. 


Note:    If  the  reeistor  was  to  drop  in  its  value  the  current 
will  increase. 

2.      If  the  circuit  below,  figure  3,  is  compared  to  the  circus  above, 
figure  1,  you  can  see  the  applied  voltage  was  increased.  This 
increase  will  cause  the  circuit  current  to  increase  to  12  amps. 


I 


—    E=2liV       J  R=2 
c  12  a 


1 


Figure  3. 


Note:    If  the  applied  voltage  was  to  drop  in  its  value  the 
current  will  decrease. 

From  this  you  can  see  that  there  are  several  relationshipc  between 
current,  voltage  and  resistance*    To  ba  sure  you  understand  them, 
fill  in  the  blanks  on  the  next  page  with  the  con act  term. 
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FRAME  1  (Cont'd) 

1.      Increasing  the  voltage  in  a  circuit  will  cause  the  current  to 


2.      Decreasing  the  voltage  in  a  circn't  will  cause  the  current  to 


3.  Decreasing  the  resistance  in  a  circuit  will  cause  the  current 
to  • 

4.  Increasing  the  resistance  in  a  circuit  will  cause  the  current 

to  .    . .  • 

FRAME  2 

The  relationships  that  we  have  seen  in  the  last  few  frames  is  called 
Ohm's  Law  and  is  stated  in  general  terms  as  follows:    The  current  in 
a  circuit  ie  directly  proportional  to  the  applied  voltage  and 
inversely  proportional  to  the  circuit  resistance.    The  term 
"proportional"  implies  that  the  current  will  change  by  the  same 
factor  that:  the  voltage  changes.    In  other  words,  directly 
proportional  implies  that:    if  the  voltage  is  doubled,  the  current 
will  be  doubled.    Inversely  proportional  implies  that:    the  current 
will  decrease  by  the  same  factor  that  the  resistance  increases.  In 
other  words,  if  the  resistance  is  doubled,  the  current  is  halved. 

Fill  in  the  blanks  with  the  correct  term, 

1.  Decreasing  the  voltage  will  cause  a  propor^^  *nal   

in  the  current. 

2.  If  the  resistance  is  halved,  the  current  will  be   

3.  If  the  voltage  is  halved,  the  current  will  be  

4.  If  the  voltage  is  tripled,  the  current  will  be  


Answers  to  Frame  1:      1.  increase    2.  decrease    3.  increase 

4.  decrease 
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-RAME  3 


Ohm1 8  Law  may  be  shown  as  an  equation:    I  -  £/R,  where  I  -  current  in 
amps,  E  -  voltage  in  volts f  and  R  -  resistance  on  ohms.    For  example, 
in  the  circuit  shown  below  we  want  to  find  the  value  of  I.  Substituting 
the  known  values  into  the  formula,  I  -  E/R,  we  have  I  -  10V/2  -  5a, 


x 


E=10V         >  R=2-o. 


1=  a 


Solve  each  of  the  following  problems  for  the  amount  of  current  flow. 


1.      E  ■  12V 
I  -  a 

R  =  6Q 


2.      E  -  6V 

I  -  a 

R  -  6fi 


3.      E  -  6V 

I  -  a 

R  =  12ft 


Answers  to  Frame  2:      1.  decrease    2.  doubled    3.  halved    4.  tripled 
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FRAME  4 


In  many  circuit  applications  used  in  this  course,  current  is  known  and 
either  voltage  or  resistance  will  be  the  unknown*    In  these  cases  there 
are  two  additional  formulas  that  are  derived  from  the  formula  I  *  E/R. 
To  find  the  value  of  R  when  K  and  I  are  known,  use  the  formula,  R  -  E/I. 
To  find  the  value  of  E  when  I  and  R  are  known,  use  the  formula,  E  -  IxR. 
A  simple  memory  device  that  will  help  you  to  pick  the  proper  Ohm'i  Law 
formula  is  shown  below. 


For  example,  to  find  E,  cover  E  with  a  finger  as  shown  in  figure  a 

below.    The  uncovered  letters  indicate  that  E  -  IR.    If  I  is  unknown, 

it  is  equal  to  E/R,  see  figure  b  below.  If  R  is  unknown,  it  is  equal 
to  E/I,  see  figure  c  below. 


Place  the  following  answers  in  the  spaces  provided. 

The  three  formulas  for  Ohm's  Law  are  ,   ,  and 


Answers  to  Frame  3:    1.  2A     2.  1A     3.  «5A 
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FRAME  5 


Now  let9 s  solve  some  problems  for  unknown  voltages  end  currents. 


In  the  diagram  below,  tha  unknown  resistance  can  be  found  by  using 
the  formula,  R  »  K/I.    Substituting  in  the  known  values  for  E  and  I, 
we  have  R  ■  25V/5a  -  5  ohms* 


Tl=5a 


R-  ^ 


In  the  diagram  below,  the  unknown  voltage  can  be  found  by  using  the 
formula,  E  -  IxR.  Substituting  in  the  known  values  for  I  and  R,  we 
have  E  -  5a  x  7  -  35V. 


I 
I 


I=5a 


Solve  each  of  the  following  problems  for  the  unknown.  Put  your 
answers  in  the  appropriate  blank. 


1. 


2. 


3- 


-  h=      V        ^R=6^u        -  *>16V  \  Rf=32-o-    —  &=2^V         }  R= 


I 


l=3a 


J    1=1 2a 


Answers  to  Frame  4:    1.  E  -  IxR    2.  I  -  E/R    3.  R  -  E/I  (any  order) 
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5 


FRAME  6 


Calculate  the  resistance  In  each  of  the  following  circuits.  Put  your 
answers  in  the  appropriate  blank* 

l.    r  -  p 


Answers  to  Frame  5:    1.  18V    J     .5a  3.  2  ohms 


I  8 
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FRAME  7 

Calculate  the  voltage  In  each  of  the  following  circuits.  Put  your 
answers  In  the  appropriate  blank. 


1.     E  - 


I 


—  E=?  \  R  =  k 


J  I  =  7a 


3.      E  «  V 


I 

T 


I  -  .001a 


R  =  5,000. 


4.      E  -  V 


E=?  >  R  -  50-n. 


I 

J  I  =  .la 


Answers  to  Frame  6 :    T.  8  ohms    2.  6  ohms    3.  50  ohms   A.  5  ohms 

9 
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FRAME  8 


Calculate  the  current  in  each  of  the  following  circuits.  Put  your 
answers  in  the  appropriate  blank* 


I  -   


c 


T 


f 


1 


1=1 


4:  e=2/,v  i 


&=2-rv 


Answers  to  Frame  7:    1.  28V    2.  9V    3.  5V    4.  5V 
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Solve  for  the  unknown  in  each  of  the  following  circuits.  Put  your 
answers  in  the  appropriate  blank* 


Answers  to  Frame  8:      T!     .5a    2.  "TT5a    T.    la    V.  12a 


11 
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FRAME  10 


Perform  each  of  the  following  steps  in  the  sequence  given.  Fill  in 
the  blanks  vith  the  correct  word  or  number. 


1„      In  circuit  (1)  solve 

for  the  current.  (i) 


I 

1=  a 


If  you  got  I  -  3a,  you  are  correct,  go  to  step  2.    If  you 
didn't  get  I  m  3a,  find  your  mistake  before  going  to  step  2. 


2.      In  circuit  (2)  solve 
for  th*  current. 


(2) 


If  you  got  I  -  4a;  you  are  correct,  go  to  step  3.    If  you 
didn't  get  I  -  4a,  find  your  mistake  before  going  tc  step  3. 

3.      The  only  difference  between  circuit  (1/  and  circuit  (2)  was 
the  amount  of  voltage  applied.    When  the  voltage  was  increased  from 
15V  to  20V,  the  current  was  increased  from  3  amps  to  4  amps. 

No  farther  response  required,    proceed  to  the  r  xt  frame. 


Answers  to  Frame  9:    1.  6V    2.  36V    3.  3  ohms    4.  2  ohms    5.  4a    6.  .25a 
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FRAME  11 


Fill  in  the  blanks  with  the  correct  word  or  number. 


1.      In  the  circuit  below,  if  the  voltage  is  increased  to  20V,  the 

current  will  (decrease/increase)    to 

 ,  amperes. 


I 


E=10V  J  ft=10-ru 
I=la 


2.      In  the  circuit  below,  if  the  voltage  is  decreased  to  12V,  the 

current  will  (decrease/increase)    to 

 ,  amperes* 


I 


K=18V 
1=3* 
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FRAME  12 

Fill  in  the  blanks  with  the  correct  word  or  number. 


In  the  circuit  shewn  below,  if  the  3  ohm  resistor  is  replaced 
by  a  6  ohm  resistor,  the  current  will  (decrease/increase) 
to   a. 


I 


— E=16V 
I=6a 


I 


In  the  circuit  shown  below,  if  the  6  ohm  resistor  is  replaced 
by  a  2  ohm  resistor,  the  current  will  (decrease/increase) 
to  a. 


I 


—  B=12M 
I=2a 


I 


Answers  to  Frame  11:     1.  increase  2A    2.  decrease  2A 
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FRAME  13 

i 

Fill  in  the  blanks  with  the  correct  term  or  formula.    The  first  two 
have  been  done  for  you. 

1.  Ohm's  Law  states  that:    The  current  in  a  circuit  is  directly 
proportional  to  "he  voltage  and  inversely  proportional  to  the 
resistance ♦ 

2.  The  three  formulas  for  Ohm's  Law  are  E  -  IxR,  I  -  E/R»  and 
R  -  E/I. 

3.  Increasing  the  resistance  in  a  circuit  will  cause  a  proportional 
(increase/decrease)        ______  in  current. 

4.  Decreasing  the  voltage  in  a  circuit  will  c*use  a  proportional 
(increase /decrease)  __________  *n  current. 

Solve  the  following  problems  for  the  unknown.  Put  your  answers  in 
the  appropriate  blank  on  the  reapotne  sheet. 

5.  E  -  V  6.      E  -  18V  7.      E  -  28V 

I  -  .25a  I  -  a  I  -  14a 

R  -  40ft  R  -  12fl  R  -   


Answers  to  Frame  12?      1.  decrease  3a    2,  increase  *a 
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FRAME  14 


Power  is  the  rate  At  which  work  ii  done.    Work  is  done  when  e  force 
causes  motion.    Previously  it  we*  shown  that  voltage  is  an  electrical 
force  and  that  voltage  will  force  current  to  flow  in  a  closed  path. 
When  there  is  voltage  between  two  points,  but  current  can  not  flow, 
no  work  is  done.    A  total  amount  of  work  may  be  done  in  different 
lengths  of  time.    For  example,  a  given  amount  of  electrons  may  be 
moved  from  one  point  to  another  in  1  second  or  1  Sour  depending  on 
the  rate  at  which  they  rre  moved*    In  both  cases  the  total  work  done 
is  the  same*    When  the  work  is  done  in  t  shorter  time*  the  rate  is 
greater  than  when  the  same  amount  of  work  is  done  in  a  longer  time. 
The  basic  unit  of  power  is  the  watt.    The  symbol  for  power  is  P. 
The  basic  power  formula  is  P  -  I  x  E.    I  is  the  current  through, 
and  E  is  the  voltage  across  the  resistor  or  unit  for  which  power  is 
being  measured.    The  abbreviation  used  for  the  watt  is  w. 

Note:    The  formula  for  power  will  be  easy  to  remember  by 
spelling  the  work  PIE.    We  also  have  the  memory  device 
shown  below* 


Mark  the  true  statements  with  a  "T" 

 1.     Work  is  done  when  a  battery  forces  electrons  to  move 

through  a  circuit. 

t      2.     The  terms  wark  and  power  have  identical  meanings. 

i     3.     The  power  in  a  circuit  is  equal  to  the    urrent  multiplied 
by  the  voltage. 


Answers  to  Frame  13:    1.  Voltage   Resistance    2.  E"TxR   3*  decrease 

I-E/R 
K-E/R 

4.  decrease    5.  E-TGV    6.  1.5a    7.  7  ohm 
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FRAME  15 


In  the  circuit  shown  below,  the  value  of  the  power  that  the  battery 
supplies  to  the  resistor  can  be  found  by  means  of  the  equation 
P  -  I  x  E.    To  find  the  power  output  of  the  battery,  substitute  the 
current,  2  amps,  for  I,  and  substitute  the  battery  voltage,  12  volts, 
for  E.    The  power  in  watts  is  equal  to  2  x  12-  24v. 


Find  the  power  supplied  by  the  battery  in  each  of  the  following 
circuits.    Put  your  answers  in  the  appropriate  blank. 


Answers  to  Frame  l£:     1.  T     %.  F     3.  T 
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FRAME  16 

Fill  in  the  blanks  with  the  correct  term  01  formula. 


1*     Ohm's  Lav  states  that:    The  currant  in  a  circuit  is  directly 

proportional  to  the    and  inversely  proportional 

to  the  t 

2,      Increasing  the  resistance  in  a  circuit  will  cause  a  proportional 
(increase/decrease)      in  current • 


3.  Increasing  the  voltage  in  a  circuit  will  cause  a  proportional 
(increase/decrease)       ,  in  current. 

4.  In  the  circuit  shewn  below,  if  the  voltage  is  decreased  to  10V, 
the  current  will  (decrease/increase)    to 

.  amperes* 


5.      In  the  circuit  shown  below,  if  the  5  ohm  x  eels  tor  is  replaced 
by  a  15  ohm  resistor,  the  current  will  (decrease/increase) 
to  amperes. 


Answers  to  Frame  15:     1.  96w     2.  6w 


ess 

18 


FRAME  17 


Solve  for  the  unknowns  In  each  of  the  following  problems.  Put  your 
answers  In  the  appropriate  blank. 


1, 


-  E-12V 


Til 


R-2AH 


2. 


-  E-16V 
•32a 


r-  n 


7. 


I 


-   E-  V 


J  l-.la 


X-6IJ 


8. 


X 


—   E-  V 


]*  I-4a 


>i2.5n 
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11. 


—  E=48v   I  R=_n 

Tl  =  6a 


Frame  17  Continued 


12. 


-     E  =  6V 


R=  A 


I. 


I=.5o 


13. 


-  E=I6V 
  P=  W 


I 


I  =  3a 


14. 


-  E=4V  $ 
  P=     W  > 


I  =  .2a 


15. 


X 


p=  w 


T    I  =  2a 


|  R  =  20ft 


16. 


—   P=  W 


I=3a 


|  R=  10ft 


17. 


r 


T 

L 


E=20v  $R=20ft 
P=  W 


18. 


E  =  30V 
P=  W 


I- 


60ft 


19. 


E^I2V 


1=  a 


R=.lft 


20. 


X 


—  E=24V 


I  =  .2a 


R=  fl 


Have  the  Instructor  check  your  answers  to  this  frame.     Instructor's  Initials 


Answers  to  trame  16:    1.  voltage  resistance 

2.  decrease 

3.  increase 

4.  decrease  2 A 

5.  decrease  2 A 
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FOREWORD 


This  programmed  text  was  prepared  for  use  in  course  3ABR42331, 
Aircraft  Environmental  Systems,  by  personnel  of  the  Environmental/ 
Pneudraulics  Branch  at  Chanute  AFB  IL.    ilie  material  contained  herein 
has  been  validated  with  30  students  from  the  subject  course.  Ninety 
percent  of  the  students  achieved  all  the  objectives  as  stated. 


OBJECTIVES 


1.     Using  Klrchhoff's  current  and  voltage  lavs  and  Ohm's  law,  solve 
for  unknown  values  in  series  circuits.    A  minimum  of  eight  out  of  ten 
must  be  correct. 


2.  Using  schematic  diagrams  of  series  circuits,  malfunction 
indications,  and  meter  readings,  specify  the  type  of  trouble  for  a 
minimum  of  eight  out  of  ten  indications. 


INSTRUCTIONS 


This  programmed  text  presents  information  in  small  steps  called 
frames.    Carefully  study  the  written  material  and/or  schematic  in  each 
frame  until  you  are  satisfied  you  understand  its  contents.    Each  frame 
requires  you  to  respond  to  the  information  in  some  way.    For  example, 
you  may  be  required  to  select  the  true  statements  or  solve  problems. 
Specific  instructions  are  provided  in  each  frame.    After  you  have  made 
your  response,  compare  your  answer  with  the  answer  given  on  the  next 
page  or  two.    The  answer  will  be  located  on  the  bottom  of  that  page. 
If  you  are  correct,  go  on  to  the  next  frame.    7    you  are  incorrect, 
study  the  frame  again  and  correct  your  mistake  before  continuing.  If 
you  sti'    cannot  understand  your  misses,  ask  the  instructor  for 
assist  £e« 


After  completing  Par  1  of  this  PT,  proceed  to  the  test  room  and  take 
the  appraisal  on  Part  1.  After  satisf act ^rily  completing  the  appraisal  on 
Part  1,  begin  on  Part  2. 


Supersedes  ST  3ABR42331-PT-117,  15  May  1981. 
OPR:    3370  TCHTG 
DISTRIBUTION:  X 

3370  TCHTG/TTGU-P  -  50;  DAV  -  1 
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INTRODUCTION 


This  PT  is  one  of  a  series  of  PTs  on  circuits.   In  this  PT 
we  are  going  to  discuss  Kirchhoff 9s  laws  as  applied  to  series  DC 
circuits.    A  DC  circuit  is  an  electrical  circuit  in  which  current(I) 
flows  in  only  one  direction.    See  figure  below. 


The  letters  "DC"  are  the  Initial  letters  of  the  words  "direct 
current."    In  a  later  block  you  will  study  AC  (alternating  current). 
In  order  to  be  able  to  analyze  more  complicated  circuits* it  is 
essential  that  you  have  a  thorough  understanding  of  series  circuits. 

You  will  find  a  working  knowledge  of  Ohm's  and  Kirchhoff 9s  laws 
a  great  help  in  analyzing  any  electrical  circuit.    This  will  help  you 
in  troubleshooting. 
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Part  1. 


Frame  1   

An  electric  circuit  is  a  complete  path  through  which  electrons  (cur 
rent)  can  flow  fron  the  negative  terminal  of  the  voltage  aource9  through 
the  connecting  wires,  ^ough  the  load  and  back  to  the  positive  terminal 
of  the  voltage  source  *  he  circuit  is  arranged  so  that  the  electrons 
have  only  one  possible  p«  ,  the  circuit  is  called  a  series  circuit* 
Therefore,  a  series  circ^xt  is  defined  as  a  circuit  that  contains  only 
one  path  for  current  to  flow*    A  typical  series  circuit  is  shown  below* 


Circle  the  letter  in  frott  of  the  correct  answer. 

1.     A  circuit  that  has  only  one  path  fcr  current  to  flow  is 
called  a 

a.  bridge  circuit. 

b.  series  circuit. 

c.  parallel  circuit. 

d.  series-parallel  circuit. 
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Frame  2 


Since  there  Is  only  one  path  for  current  flow,  current  aunt  be  the  same 
at  eny  point  In  the  circuit.    Let's  see  why.    In  the  circuit  below  we  want 
to  find  the  value  of  It,  Ilt  and  I2.    There  are  2  amps  flowing  into  Junction 
C.    Using  Klrchhoff's  current  law  we  have  2  ampa  leaving  junction  C.  Since 
there  is  only  one  path  leaving  Junction  C,  I2  wet  also  be  2  asps.    Thus,  we 
have  2  amps  flowing  Into  Junction  B.    Since  there  is  only  one  path  leaving 
B,  li  -  2a,    Since  there  are  2  anpa  flowing  Into  Junction  A,  It  must  also  be 
2  amps.    Pill  In  2a  for  It,  Ilt  and  I2  in  the  circuit  below. 


r 


No  further  response  required,  go  to  the  next  frame. 
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Frame  3 


Using  Kirchhoff fs  current  law  (use  your  handout  of  laws  and  formulas) 
solve  for  the  unknown  currents  in  each  of  the  following  circuits.  Put 
your  answers  on  the  appropriate  blank. 


It, a 


It=— * 


I3=3a 


T 


L2=3a  — 


n 


I3=4a 


3. 


I 


I4=2* 


4. 


I       VsiWV         ■  WWf 


II 


It=2a 


I*=  a 


ERIC 


6 
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Klrchhoff 'a  voltage  lav  is  alao  necessary  to  uae  in  ordor  to  aolve 
for  unknovma  in  aeriea  circuita.    Klrchhoff^  vc*.tage  law  atataa  that 
the  sum  of  che  voltage  drops  in  any  cloaed  path,  la  equal  to  the  total 
(applied)  voltage.    A  aeriea  circuit  haa  only  one  cloaed  path,  therefore 
the  total  voltage  ia  the  sua  of  the  voltage  drop*  ecroee  each  resistor. 


Ansvfct „  to  Frame  3: 


1. 

t 

3a 

h 

3a 

2. 

Xt 

4a 

3. 

Xt 

2a 

h 

2a 

4. 

h 

2a 

h 

2a 

5. 

h 

m 

6a 

h 

6a 

6. 

h 

3a 

h 

3a 

2* 
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Frame  4  (Continued) 

Using  Kirchhoff 's  voltage  law  (uae  your  handout  of  laws  and  formulas) 
solve  for  the  unknown  voltage  In  each  of  the  following  circuits.  Put 
your  answers  on  the  appropriate  blank. 


Ei=10V 


— *wWW- 

E2=6V 


2,  i      WWV  WWr— WWr 

E^V         E2=3V  E3=3V 


Et=__V 


=2V 


JZV— V 


Ex=  V 


Et=20V 


E2=6V 


-»*wv\- 

E^V 


4.  |  VS/WVr- 
Ej^V 


I 


■WW 

E 


2-— V 


=2V 


 E.=18V 


I 


I 


Et=OOV 


E2=10V 


V- 


I 

I 


E„=  V 


■vww 


 Et"18V 


2=—V  V* 
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So  far  In  this  PT  ve  have  looked  at  Kirchhoff  'a  current  low  and 
Kirchhoff fs  voltage  lav.    We  have  seen  hov  they  apply  to  aeries 
circuits.    In  the  circuit  shovn  belov  ve  give  you  both  current  and 
voltage  values.    To  solve  for  all  unknowns  you  vill  need  to  use 
both  Kirchhoff 9s  current  lav  and  Kirchhoff fs  voltage  lav.  However, 
when  you  use  Kirchhoff 9s  current  lav  be  sure  to  use  only  current 
values.    When  you  use  Kirchhoff fs  voltage  lav  be  sure  to  use  only 
voltage  values.    We1 11  solve  the  problem  shovn  belov  with  you. 

Since  ve  need  to  find  Et,  ve  vill  use  Kirchhoff fs  voltage  lav. 

Applying  it  ve  have  the  sum  of  the  voltage  drops  (E3  +  E2  +  Ej)  is 

equal  to  Efc.    Thus,  Efc  -  12  +  6  +  12  -  30V.    Fill  in  30V  on  the  blark 

for  Et*    In  order  to  find  It  ve  vill  use  Kirchhoff fs  current  lav. 

Since  there  are  2a  f loving  into  junction  1,  there  are  2a  leaving 
junction  1.    Thus,  I(  -  2a.    Fill  in  2a  on  the  blank  for  It« 


Solve  for  all  unknowns  in  each  of  the  following  problems.  Put 
your  answers  on  the  right  blank.    Be  sure  to  use  Kirchhoff 's  voltage 
law  when  you  solve  for  unknown  voltage,  and  Kirchhoff <s  current  law 
when  you  solve  for  unknown  currents.    Be  sure  that  you  have  a  copy 
of  the  formulas  and  laws  to  use  when  you  solve  these  problems. 


1  2  3 


4   5  6 
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Frame  5  (Continued) 


4  1 


1. 


Il-- 


Et=24V 
It=2a 


a 


Ei=10V        E2=*V         E3=  V 


2. 


I  WW- 


EX=12V 
I^a 


E2=6V  E3=6V 
I2== — »  I3=— 


a 


-VWVV" 

Ej^oV 
lx=3a 


a 


-AVW- 

E3=12V 
V- 


a 


Et=30V 


a 


4. 


E^V 
1  H-9. 


E2-3V 
I** 


E3=3V 
l3=5a 


Et=  V 


ERIC 


10 
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Frame  6 


Ohm's  law  has  many  applications  in  solving  series  circuits.  In 

using  Ohm's  lav,  the  numbers  used  in  the  equations  MUST  be  taken 
from  the  same  component  of  the  circuit.    For  example,  the  value  of  R^ 

can  be  computed  by  the  formula:    R  ■  E/I.    Thus,  R^  ■  m  6/2  ■  3  ohms. 

Note:    In  order  to  find  the  value  of  R^,  ve  used  the  quantities 
and  1^. 


I 
I 


E^V 


— «ww- 

E2=12V 


Solve  for  the  unknown  in  eacn  of  the  following  circuits.    Put  your 
answers  on  the  appropriate  blank. 


I 


■MWr 

E^V 
Ix=2a 


E2=8V 
I2=2a 

R2=— 


Et=20V 


i 


T 


E^V 


I 


Answers  to  Frame  A:  1. 

Et 

-  18V 

2. 

Et 

-  12V 

3. 

El 

-  8V 

4. 

E2 

-  10V 

5. 

E3 

-  8V 

6. 

E2 

-  12  V 

-VWW 


Ej=6V 


LG31 


Frame  7 


Ohm's  law  can  also  be  used  co  solve  for  unknown  voltages  and 
currents.    In  many  problems  you  will  need  to  first  use  Klrchhoff 's 
voltage  or  current  law  before  applying  Ohm's  law.    Let's  solve  the 
following  problem  for  E^.    As  you  complete  each  of  the  following 

steps  place  a  check  on  the  blank  by  the  number  of  that  step. 

1  2 


1.  Since  no  voltage  values  are  given,  we  do  not  have  sufficient 
Information  to  find  E1  using  Klrchhoff 's  voltage  law. 

2.  In  order  to  use  the  Ohm's  law  formula  E  -  I  x  R  to  find 
we  need  the  values  of  both  1^  and  R^.    1^  la  not  given. 

3.  We  can  use  Klrchhoff vs  current  law  to  find  the  value  of  I.. 


Since  there  are  3a  flowing  Into  junction  1,  there  must  be 
3a  leaving  It.    Thus,  I.  ■  3a. 


_4.     Write  In        -  3a"  between  E^^ 


V  and  R,  -  10  ohms. 


5.      Thus,  our  problem  Is  reduced  to  the  following:: 


7. 


Xl-3a 


j6.      Substituting  In  values  for  1^  and  R.^  In  the  formula  E.^  -  I   x  R^f 


we  have  E1  -  3  x  10  -  30V. 

Write  In  30V  on  whe  blank  by  E1  and  our  problem  Is  completed. 


No  further  response  required,  proceed  to  the  next  frame , 


ERIC 


Answers  to  Frame  5:  1. 

2. 
3. 
4. 


2a,  I2  -  2a,  E3  -  RV 

6a,  Et  -  24V,  I2  -  6a,  I3 

3a,  E2  -  12V,  I2  -  3a,  I3 

9V,  It  -  3a 

12 
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6a 

3a 


Frame  8 


Using  Kirchhoff fs  current  and  voltage  law  and  Ohm's  law  solve  for 
all  unknowns  in  the  following  problems.    Put  your  answers  on  the 
appropriate  blank* 


r 


E^lOV  E2=20V 


1Et=35V 


£3=  V 

_a  I2=5a       I3-  a 

Rg=      XL  -r>- 


Ei=10V  E2=20V 
Il=2a      I2=  j 

I 


V- 


E^OV 

13=  a 

R3=15jv 


■vVWV- 


1  Rn=10^ 


1Et=24V 


-VWSAA- 


E^lOV      E2=6V      E3=»  V 

a     I2=  a  13=  a 

R^lO-o.     R2=     -n-  R3=  ,n- 


4. 1  »^vv^»  ¥Ww» 

ex=  y  e2=  y 


Eo=  V 
R3=1a 


Rt=— ^ 


Answers  to  Frame  6:  1. 


R2  "  in 


2. 


Rt  «  10p 


13 
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Frame  9 

The  current  in  a  series  circuit,  in  completing  Its  path,  must.  . .  . 
flow  tl  cough  each  resistor  (load)  connected  in  the  circuit.    Thus,  each 
additional  resistor  offer J  added  resistance.    In  a  series  circuit, 
THE  TOTAL  CIRCUIT  RESISTANCE  (Rt>  IS  EQUAL  TO  THE  SUM  OF  THE  VALUES 

OF  THE  INDIVIDUAL  RESISTANCES  •    This  can  be  expressed  in  a  formula 
as  Rt  "  Ri  +  R2  +  R3  +  R4  +  etc*  depending  on  the  number  of  resistors 
in  the  circuit.    In  the  circuit  below,  the  totel  resistance  (Rt)  - 
3  +  4  +  6+  2-15  ohms. 


Find  the  total  resistance  in  each  of  the  following  circuits. 
Put  your  answers  on  the  appropriate  blank. 


1.  Rt 


2.  R. 


7fl 


2Q 


j 

8(2 


5(2 


3. 


;t6(2 


(25(2 


(9(2 


9 

ERLC 
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Frame  10 


You  have  now  seen  how  Kirchhoff 'e  voltage  law,  Kirchhoff 's  current 
law,  Ohm  a  law,  and  the  resistance  formula  are  uaed  In  solving  for 
unknowns  in  a  series  circuit.    Using  these  laws  and  formulae  will 
solve  the  problem  shown  below  step-by-step  with  you.    You  need  to  develop 
a  systematic  approach.    Since  there  are  only  four  basic  laws  and  formulas, 
try  using  them  one  at  a  time  until  you  find  one  that  you  can  apply.  In 
the  circuit  below  we  don't  have  enough  information  to  apply  Kirchhoff 's 
voltage  law.    Do  you  see  why?    The  reason  we  can't  find  Et  ie  we  ara  not 
given  the  valuee  of  all  the  individual  voltage  drope.    We  can't  find  Eo 
because  we  don't  know  Et.    For  now  we  can't  use  thie  law.  However, 
we  can  apply  Kirchhoff 's  current  law.    Since  there  ere  2a  flowing  through 
Rl,  we  must  have  2a  flowing  back  to  tha  battery.    Thus,  It  ie  equal  to  2a. 
Since  there  are  2a  flowing  into  the  battery,  there  must  be  2e  flowing  out 
of  the  battery  and  into  R3.    Thue,  I3  -  2e.    With  2a  flowing  out  of  R3 
we  must  have  2a  flowing  into  R2.    Thue,  I2  -  2e.    Fill  in  2e  for  It, 
12,  and  I3  on  the  appropriate  blanks  in  the  circuit  below.  We'll 
finish  working  the  problem  in  the  next  two  frames. 


■fr  Et-  y 

-  it-_« 


V- 


J 

a 


R2«2-n- 


Iy=  a 
R3-  JL 


No  further  respt    *-      .uired,  proceed  to  the  next  frame. 


15 


ERIC 
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Answers  to  Frame  8:    1.  Ifc  -  5a,    ^  -  5a,    R2  -  4fl,    E3  -  5V 

Rt  -  7fl,    Rx  -  2fl,  I3  -  5a 


R3  "  IP 


2.  Et  -  60V,    R1  -  58,    I2  -  2a,    I3  -  2a 
It  -  2a  R2  -  10n 

Rt  -  30Q 

3.  It  -  la,    I1  -  la,    I2  -  la,    E3  -  8V 
Rt  -  24Q,  R2  -  6Q,    I3  -  la 

R3  "  iQ 

4.  Rt  -  10n,    E1  -  18V,    E2  -  9V,    E3  -  3V 

Ij  -  3a,     I2  -  3a,    I3  -  3a 


16 
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Frame  11 


The  problem  shown  below  is  the  sane  as  the  one  In  the  last  frame. 
We  have  filled  in  the  values  for  the  currents  that  we  found  in  the 
last  frame.    We  still  can't  apply  Klrchhoff 's  voltage  law  as  we  don't 
know  Efc.    However,  we  can  apply  Ohm's  law  in  solving  for  several 

numbers.    Remember,  you  can  use  the  Ohm's  law  formulas  in  finding 
E9  I,  and  R9  when  any  two  of  the  three  numbers  are  known  for  a 

particular  component.    Using  the  Ohm's  law  formula  R  ■  E/I  we  can 
solve  for  ^  and  Ry    Rj  -  Ej/Ij^  -  6/2  -  3  ohms.    Rj  -  E3/I3  -  8/2  - 

4  ohms.    Fill  in  these  values  for  R^  and  R^  In  the  circuit  below. 

We  also  have  enough  information  to  solve  for  E2  "  ^  x  *2  "  2  x  2  " 

4V.  Fill  In  this  value  io/r  Eg.  We'll  finish  solving  the  problem  in  the 
next  frame. 


I  E^V  b2-    v  Ej=ev 


I 


Ilo  further  response  required,  proceed  to  the  next  t  me. 


Answers  to  Frame  S:     1.    R.  -  280        2.    R   -  150        3.    R   -  400 

•  t  t 


17 
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Frame  12 


In  this  frame  we  will  finish  the  problem  we  started  in  Frame  11. 
The  same  circuit  is  given  below  with  all  the  values  filled  in  that  we 
have  found.    Now  we  have  enough  information  to  use  Kirchhoff *s  voltage 
law.    Applying  Kirchhoff 's  voltage  law  we  have  Et  -  E1  +  E2  +  E3  « 

6  +  4  +  8  -  18V.    Fill  In  18V  for  Efc  in  the  circuit  below.    To  find 

Rt  we  can  use  either  Ohm's  law  or  the  resistance  formula.    Using  Ohm's 

law  we  have  Rt  -  Et/*t  ■  !8/2  -  9  ohms.    Using  the  resistance  formula 

we  have  Rt"R1+R2  +  R3  -  3  +  2  +  4-  9  ohms.    Fill  in  9  ohms  for 

Rt  in  the  circuit  below.    Now  you  have  the  problem  completely  solved. 

Note:    When  attempting  to  solve  a  series  circuit,  keep  trying 
the  laws  one  at  a  time  until  you  can  find  one  that  can  be 
applied . 


VWW  K».W\»  WVA 

E]=6V  E2=  4-  V 

I^^Sa  12=2.  a  ly  Z  a 

t_  V  R-f 3  iv  R2=2  R^»4-J>- 


—  Et=_  V 

Tit-. 


No  further  response  required,  proceed  to  the  next  frame. 
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Solve  each  of  the  following  problems  for  the  indicated  unknowns. 
Put  your  answers  on  the  appropriate  blank. 


~  Et=10V 


I 


V— -A 


—  E4.=12V 


I 


Vs-—: ^ 


Ei=6V 
Il=— * 


a 


I2F=— a 
R2f=l  jv. 


E2=— -V 

I2=— a 
R2«l.n. 


£3=  V 

13=  a 


Ej=  V 

 -a. 


I 


Et=20V 

V— ^ 


-wwv— 

E1=_V 


_V 

Izss— a 


£3=  V 

Rj^-n. 


4. 


Et=30V 


-WW 


E^V 


E2=*V 
I2=_ » 


R2= 


£5=  V 

13=  a 

R3=5jx 


r* 


HEt=  V 

T  » 

J_Rt=30^- 


vww 

V 

I-j-Sa 


R2=— A 


— 

E3=20V 

V— » 

»3=-A 
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Frame  14 


Each  of  the  resistors  in  *  series  circuit  consumes  power  which  is 
used  in  the  form  of  heat.    Since  this  power  must  come  from  the  source , 
the  total  power  must  be  equal  in  amount  to  the  power  used  by  the  total 
circuit  resistance.    In  a  series  circuit,  the  total  power  is  equal  to 
the  SUM  of  the  power  used  by  the  Individual  resistors.    This  can  be 
expressed  as  a  formula:    Pt  ■  Pi  +  P2  +  P3  +  P4  +  etc.  depending  on 
how  many  resistors  the  circuit  has.    In  figure  A  below,  we  want  to 
find  the  power  used  by  R3.    We  know  that  Pi  +  P2  +  P3  m  40w.  Therefore, 
to  find  P3,  you  subtract  the  sum  of  Pi  and  P2  (32  watts)  from  Pt  (40 
watts).    Thus,  P3  -  8  watts.    In  figure  B  we  want  to  find  P2«  First 

we  need  to  find  Pf    In  your  last  lesson  you  learned  that  P  ■  I  x  E. 
Thus  Pt  «  It  x  Et  ■  3  x  25  -  7Sw.    Now  you  can  find  P2  by  subtracting 
the  sum  of  Pi  and  P3  from  the  total  circuit  power.    Thus,  P2  ■  75  -  50 
-  25w. 


B.  -db 


22w 


Answers  to  Frame  13:    1.    Ifc  ■ 


1. 

Xt 

m 

2a 

h 

m 

2a 

E2 

2V 

E3" 

2V 

Rt 

m 

5(2 

h 

2a 

h  " 

2a 

2. 

Rt 

m 

4(2 

El 

6V 

E2 

3V 

E3" 

3V 

h 

3a 

h 

3a 

I3" 

3a 

k3" 

1(2 

3. 

It 

m 

2a 

h 

6V 

E2 

8V 

E3" 

6V 

Rt 

m 

10(2 

h 

m 

2a 

h 

2a 

I3" 

2a 

4. 

m 

2a 

h 

2a 

h 

m 

2a 

E3" 

10V 

R 

m 

15B 

h 

6(2 

4(2 

I3" 

2a 

5. 

Efc 

m 

60V 

h 

m 

30V 

h 

2a 

I3" 

2a 

It 

m 

2a 

m 

15J2  R2 

5(2 

83- 

10(2 

9 

ERIC 


20 


690 


Fr«M  15 

When  using  the  power  formula  be  sure  that  the  numbers  uaad  art 

taken  from  the  same  component  of  the  circuit.  For  example,  the  value 
of  Pj^  can  be  computed  by  the  formula  P  -  I  x  E.    Thus,  Pi  "  Ii  x  Ei  " 

2a  x  20V  -  40w. 


I 
I 


Et=30V 


Ej^aOV 
L.=2a 


Solve  each  of  the  following  problems  for  the  indicated  unknowns, 
Put  your  answers  on  the  appropriate  blank. 


1. 


E^LZV 
l!=2a 
R-|=  .n- 


2. 


EX=12V 


—  v. 

T  Pt=- 


=  V 


3. 


J 

a 


1  * 

—  Et=aov  1 

T  It-2a  Rl=— ^ 


E2=5V 


wvw- 

Ej=5V 


er|c 
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Frame  16 

In  figure  1  below  we  are  only  asking  you  to  find  the  value  of  ?t* 
However,  we  don't  have  enough  information  to  find  P    until  we  find  Et 
and  It  or  the  values  of  Plf  P2»  and  ?y    To  establish  a  procedure  for 

solving  for  unknowns  in  a  series  circuit  ve  will  work  this  problem 

with  yon. 


J7— 


R1  -  3fl 


E2  -  6V 


E  -  12V 
I3  -  2a 


Figure  1. 

1.     Write  in  E,  I,  R,  and  P  for  each  component  in  which  they  are 
missing.    This  has  been  done  for  you  in  this  problem. 


So 


E1    "  _V 

Rj  -  3fi 
-   w 


E,  -  6V 

R,  -  _Jl 

P    ■  w 

r2  — 


E   -  12V 

K  -  2a 

R,  -  11 

P   -  w 

3  — 


9 


Figure  2. 

One  or  more  of  the  following  laws  and  formulas  can  be  used  to 
solve  for  unknowns  in  a  series  circuit. 


a. 

Kirchhoff 1 

s  voltage  law 

b. 

Klrchhoff 1 

s  current  law 

c. 

Ohm's  law 

formulas 

d. 

Rt  -  ^  + 

R2  +  R3 

e. 

P  -  I  x  E 

CPt  -  Fx  +  P2 

+  F3) 

Start  down  the  Use  in  step  2  until  you  find  a  law  or  formula 
that  caii  be  applied  in  this  problem. 

We  don't  have  enough  information  now  to  use  Kirchhoff fs  voltage  lawf 

but  we  can  use  Kirchhoff 1 a  current  law.    Applying  it  we  have 

I2  -  2a,  1^  -  2a,  and  Ifc  -  2a.    Fill  in  these  values  on  the  appropriate 

blanks  in  figure  2. 
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Prama  15 


When  using  the  power  formula  be  sure  that  the  number  •  used  at  a 

taken  from  the  same  component  of  the  circuit.  For  example,  the  value 
of  P^  can  be  computed  by  vtu*  formula  P  ■  I  x  E.    Thus,  P^  ■  1^  x  ■ 

2a  x  20V  -  40w. 


I 
I 


Et=30V 


Solve  each  of  the  following  problems  for  the  Indicated  unknowns. 
Put  your  answers  on  the  appropriate  blank. 


l!=2a 
R-|=  jv 

Pi"— w 


■YAW- 

P2=6v 


X 

I 


V- 


T  V- 


_a 
w 


EX=12V 
Il»3a 


E2=6V 


3. 


r 


V 


~  Et=20V  l" — * 

T  It=2*  Rl--^ 
1  Pl--w 


E2=5V 
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Frame  16 

In  figure  1  below  we  are  only  asking  you  to  find  the  value  of  ?t* 

However,  we  don't  have  enough  information  to  find  P    until  we  find  E 

and  It  or  the  values  of  Plt  P2»  and  P^.    To  establish  a  procedure  for 

solving  for  unknowns  in  a  series  circuit  we  will  work  this  problem 
with  you. 


X 


*i 


3fi 


e2  -  6y 


t  — 


E_  -  12V 
I*  -2a 


Figure  1. 

Write  in  E,  I,  R,  and  P  for  each  component  in  which  they  are 
missing.    This  has  been  done  for  you  in  this  problem. 


Figure  2. 

2.     One  or  more  of  the  following  laws  and  formulas  can  be  used  to 
solve  for  unknowns  in  a  series  circuit. 

a.  Kirchhoff fs  voltage  law 

b.  Kirchhoff 's  current  law 

c.  Ohm' 8  law  formulas 


d.  Rt  -  Rx  +  R2  +  R3 

e.  P  -  I  x  E  (Pt  -  ?1  +  P2  +  P3) 

3.      Start  down  the  list  in  step  2  until  you  find  a  lew  or  formula 
that  can  be  applied  in  this  problem. 


4.     We  don't  have  enough  information  now  to  use  Kirchhoff 's  voltage  law, 
but  we  can  use  Kirchhoff 's  current  law.    Applying  it  we  have 
12  -  2a,  I1  ■  2a,  and  It  -  2a.    Fill  in  these  values  on  the  appropriate 

blanks  in  figure  2, 
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Frame  16  (Continued) 

5.      Figure  3  is  the  same  as  figure  2  with  the  values  found  in  step 
written  down. 


 E 


2a 


t  - 


P:  - 


t 


P    -  w 

1  — 


E„  «  6V 
it  -  2a 

R2  -  -J* 
P2  -   w 


?3 

R3  - 

*3  - 


12V 
2a 
Jl 
w 


Figure  3. 


7. 


Now 


we  can  use  Ohm's  law  formulas  to  find  the  values  of  E^,  R^,  and 


I-  x  Rx  -  2  x  3 


6V.  Rfl 


E2/I2  -  6/2  -  3  ohms. 


R3  -  E3/I3  -  12/2  -  6  ohms.    Fill  in  these  values  in  figure  3. 

Figure  4  is  the  same  as  figure  3  with  the  values  found  so  far 
written  down. 


■We 

E.  -  6V 
"  __V  I?  -  2a 
•ll  -  2a    R|  -  3fl 
K  ■  J  p!  ■  _w 
p:  -  w 


E,  -  6V 

RT  -  30 

P    -  w 

r2  — 


E,  -  12V 
I3  -  2a 

P    -  w 

3  — 


0 

ERIC 


8. 


9. 


Figure  4. 

Now  we  can  use  the  resistance  formulas.  Thus,  R  ■  3  +  3  +  6 '■  12  ohms. 
Fill  in  12  ohms  for  R(  in  figure  4.    Now  we  can  use  the  formula 


E  -  I  x  R  to  find  Et>  Thus,  E( 
24V  for  Et. 


I    x  R   -  2  x  12  -  24V.    Fill  in 


Now  we  can  use  the  power  formula  P  ■  I  x  E  to  find  P^,  Pg,  P^,  and 
P. 


V 


2  x  6  -  12w.    P2  -  2  x  6  -  12w.    P3  -  2  x  12  -  24w. 


Pfc  -  2  x  24  -  48w.    Fill  in  these  values  in  figure  4. 
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Frame  16  (Continued) 

10.    We  have  completely  solved  the  problem  using  a  systematic  approach. 
If  you  develop  a  systematic  approach  as  ve  demonstrated  here,  you 
will  have  very  little  trouble  solving  for  unknowns  in  a  series 
circuit . 

No  further  response  required,  proceed  to  the  next  page. 


Answers  to  Frame  14:    1*    ^  ■  *5w        2.         ■  15w 
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Frame  17 


Solve  for  the  Indicated  unknown  in  each  of  the  following  problems. 
Put  your  answers  on  the  appropriate  blank. 


1. 


Ry^-n. 


2. 


I 


—  It=3a 
Rt=12^ 


pl=- 


3. 


I 

~  ^=12?  Rl=2-n" 

I 


Rj=5X  R3=7 


4. 


r 
I 


Et=30V 


-/AW- 


5 .  r  *ai*a^  ^wv^ 


r  +++++  ■ 


-TV 
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1. 

P 

t 

36w 

2 . 

E 

I 

3a 

P 

72w 

3. 

■ 

10V 

l± 

_2» 

Rl 

_5fl 

P, 

20w 

?x  -  24w 
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Frame  18 

Solve  for  the  indicated  unknown  In  each  of  the  following  problems. 
Put  your  answers  on  the  appropriate  blank. 


1. 


I 


VtJIflPFV  #WWgVV  *******  \. 


E^tV 
.,.8. 


2. 


i 


e,«tv 
i,«t« 


Ef«l«V 


3. 


4. 


«f-— * 


I 


5. 
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Frame  18  (Continued) 


6. 


L 


-VA- 


1 

24V 

6n 


a     E2  -  12V 


E3  -  6V 


7. 


8. 


9. 


I 


AAAAA         AAAAA.  AA/SAA 


I, -So 


T  v~" 


X  V— 


E,«I5V 


IS.48V 


I 


it.a. 


r 


AAAAA  AAAA/V  /WW\ 

V«V  I, -20 


l,»ltV 


10. 


~it»tov 


Have  the  instructor  check  your  answers.    Instructor's  Initials 
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STOP I    TAKE  APPRAISAL  ON  PART  1  BEFORE  CONTINUING  TO  PART  2. 

(You  oust  satisfactorily  complete  the  appraisal  on  PART  1  before 
continuing  to  PART  2.) 
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Part  2 


Frame  19 

Earlier  In  this  PT  you  learned  how  circuit!  worked  normally.  In 
the  remainder  of  this  PT  you  will  learn  how  to  troubleehoot.  Electrical 
troubleehcoting  ie  locating  a  component  that  ie  causing  a  circuit  to 
work  incorrectly.    While  it  ie  difficult  to  teach  a  person  to  analyse, 
we  can  teach  you  a  few  guidelines  to  follow.    The  more  skillful  you 
become  at  circuit  analysis,  the  better  mechanic  you  will  become.  The 
most  Important  thing  you  should  know  in  order  to  begin  troubleshooting 
a  circuit,  is  how  the  circuit  ie  supposed  to  function  normally.  The 
reason  for  this  is,  if  you  don't  know  how  a  circuit  is  supposed  to 
function,  how  would  you  know  if  there  is  a  trouble  in  it? 

Check  the  true  statement. 

 1.    In  order  to  troubleehoot  a  circuit,  you  should  know  how  the 

circuit  is  supposed  to  function  normally. 


Answers  to  Frame  17:    1.    Ei  -  9V 

4.    R3  -  6 


Px  -  72w  3.  I2  -  la 
Pt  -  60w 


2. 
5. 


30 

702 


Frame  20 


There  are  several  principles  that  we  are  going  to  review  before  we 
discuss  troubleshooting.    (1)    In  order  to  have  a  deflection  (movement) 
of  a  meter  needle  you  must  have  current  flowing  through  the  mater.  Thus, 
if  the  meter  needle  is  not  deflecting  (moving),  you  don't  have  any 
current  flowing  through  it.    (2)    The  largest  resistance  value  in  e 
series  circuit  will  drop  the  most  voltage.    The  smallest  resistance 
value  will  drop  the  least  voltage.    To  explain  this  we  will  have  you 
work  out  the  following  problem.    Solve  for  all  Indicated  unknowns  and 
put  your  answers  on  the  appropriate  blanks. 


i— ■#                   9    iW/A  >/WW»  <ww 

\=  v  e2-  v  &3=  y 

J_  Il=— -a  IjT—j »  I3"— • 

-  Et=30V             ^=28^  R2=l-a-  R3=l-n. 

7 It= — • 


Check  the  true  statement A. 

1,  The  largest  resistor  In  the  circuit  above  dropped  most  of  the 
voltage. 

2,  Current  flowing  through  a  meter  causes  the  needle  to  deflect. 


Answers  to  Frame  19:       X    1.       X  2. 
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Frame  21 


In  order  to  be  able  to  troubleshoct  you  must  know  what  readings 
you  would  get  in  a  normal  circuit.    Thus,  before  we  start  trouble- 
shooting we  are  going  to  talk  about  a  circuit  that  is  functioning 
normally.    In  the  circuit  below  we  have  die  negative  lead  of  the 
voltmeter  connected  to  ground.    The  positive  lead  was  left  free  so  it 
could  be  moved  from  one  point  to  another.    What  should  the  voltmeter 
read  if  it  was  connected  to  test  point  1?    If  you  said  24V,  you  are 
correct,    the  only  resistance  In  this  path  is  the  voltmeter.  TippTying 
Kirchhoff  9s  voltage  lav  to  this  path,  we  find  that  the  voltmeter  will 
drop  all  24V. 

Note:    Wires,  switches  and  circuit  breakers  should  not  drop  any 
voltage,  BECAUSE  they  are  NOT  loads. 


Check  the  true  statements. 

1.  We  should  have  a  voltage  drop  of  several  volts  across  the 
circuit  breaker. 

2.  A  voltmeter  connected  from  point  3  to  ground  should  also 
read  24V. 


Fran*  22 


We're  continuing  to  use  the  same  circuit  as  we  used  in  the  last 
frame.    A  piece  of  wire  and  a  closed  switch  should  both  have  0  ohms 
of  resistance.    Thus,  when  connecting  the  voltmeter  to  points  3,  4, 
and  59  we  have  no  other  resistance  in  the  same  path  as  the  voltmeter. 
Applying  Klrchhoff's  voltage  law  the  voltage  drop  across  the  voltmeter 
is  24V  at  points  3,  49  and  5,  since  It  is  the  only  resistance  in  these 
paths.    Let's  connect  the  voltmeter  between  point  6  and  ground.  Trace 
out  a  path  starting  from  the  negative  terminal  of  the  battery  through 
the  voltmeter,  Rl9  switch,  circuit  breaker,  and  back  to  the  positive 
terminal  of  the  battery.    In  this  path  you  should  have  discovered  that 
there  is  another  unit  of  resistance  (Rl)  In  addition  to  the  voltmeter. 
Applying  Kirchhoff  98  voltage  law  to  this  path  the  sum  of  the  voltage 
drops  across  the  meter  and  across  Rl  must  be  24V.    Since      ■  6V,  the 

voltmeter  is  dropping  18V.    Connecting  the  voltmeter  at  point  7  will 
not  add  another  resistance  in  the  path  with  the  voltmeter  and  Rl. 
Thus,  the  voltmeter  should  also  Indicate  16V  at  point  7. 


Check  the  true  statements. 

1.  A  voltmeter  connected  from  point  3  to  ground  will  read  OV. 

2.  A  voltmeter  connected  from  point  5  to  ground  will  read  24V. 

3.  A  voltmeter  connected  from  point  6  to  ground  will  read  6V. 


Answers  to  Frame  20:       X   1.       X  2. 
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Frame  23 

Now  we're  going  to  connect  the  meter  between  point  8  and  ground  in 
the  same  circuit  as  we  have  been  using.    Trace  a  path  from  the  negative 
terminal  of  the  battery  through  the  voltmeter ,  R2,  Rl,  switch,  circuit 
breaker,  and  back  to  the  positive  terminal  of  the  battery.  Applying 
Klrchhoff 's  voltage  law  to  this  path  we  have  E^  (volcage  drop  across 

voltmeter)  +  E2  +  ^  -  24V.    Substituting  we  have  Ey  +  12  +  6  -  24V. 

Thus,  ^  -  6V  and  the  voltmeter  will  Indicate  6V.    Connecting  the 

voltmeter  at  point  9  will  also  Indicate  6V  since  we  have  not  added 
any  resistance  to  the  path* that  the  voltmeter  is  connected  in.  What 
do  you  think  that  the  voltmeter  will  read  when  connected  to  point  10? 
If  you  said  0V,  you  are  correct.    Let's  see  why!    Applying  Klrchhoff 9 a 
voltage  law  we  have  Ev  +  E3  +  E2  +  !1  "  2*V*    Substituting  we  have 
+  6  +  12  +  6  -  24V.    Thus,  E^  -  0V.    Another  way  of  explaining  this 

reading  is  to  recognize  that  the  ground  wire  is  providing  a  zero 
resistance  path  for  the  current  to  bypass  the  meter.    Thus,  all  the 
current  goes  through  the  wire.    With  no  current  flowing  through  che 
meter,  we  have  no  needle  deflection. 


Check  the  true  statements. 

1.  A  'dtmeter  connected  between  point  6  aid  ground  will  Indicate 
W. 

2 .  A  voltmeter  connected  between  point  7  and  ground  will  Indicate 
12V. 

3.  A  voltmeter  connected  between  point  9  and  ground  will  Indicate 
6V. 


Answers  to  Frame  21:   1.       X  2. 
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Frame  24 

In  the  circuit  below  we  have  given  you  the  voltage  dropped  across 
each  resistor.    Fill  in  the  values  that  would  be  Indicated  on  the  voltmeter 
for  each  of  the  positions  given.    The  first  one  has  been  acme  for  you. 

Note:    We  are  only  using  one  voltmeter  and  connecting  it  to  the 
points  Indicated  one  at  a  time. 


Answers  to  Frame  22 : 


_1.       X  2. 
35 
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Frame  25 


In  the  last  few  frames  we  have  been  discussing  voltage  readings 
taken  between  a  test  point  and  ground.    Tou  should  also  be  able  to 
understand  readings  taken  between  two  points.    An  important  fact  to 
remember  is  that  a  voltmeter  measures  the  difference  in  potential 
between  the  two  points  where  It  Is  connected.   A  voltmeter  (VI)  connected 
between  points  2  and  3  In  the  circuit  below  would  read  OV.   With  24V 
at  point  2  and  24V  at  point  3  the  difference  would  be  24  -  24  -  OV. 
A  voltmeter  (V2)  connected  between  points  6  and  7  rould  read  4V  as  the 
difference  between  12V  and  8V  is  4V. 


6 


Fill  In  the  values  for  the  voltmeter  readings  between  the  following 
points. 


1. 
2. 
3. 
4. 


Between  3  and  4 
Between  5  and  6 
Between  7  and  8 


Between  S  and  ground 


Answers  to  Frame  23: 


X  1. 


2. 


X  3. 
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Prase  26 


A  circuit  is  said  to  be  OPEN  when  there  is  a  break  in  a  complete 
conducting  path.    Although  an  open  occurs  any  time  a  switch  is  turned 
OFF,  an  open  nay  also  develop  accidentally  due  to  a  malfunction  In  the 
circuit.    To  put  the  circuit  back  to  normal  operation,  the  open  oust  be 
found  and  corrected.    Sometimes  an  open  can  be  found  by  a  close  look  at 
the  circuit  components.    Bad  components,  such  as  burned  out  resistors 
and  fuses  can  be  found  by  this  means.    Others  such  as  a  break  in  a  wire 
covered  by  insulation,  or  the  melted  element  of  an  enclosed  fuse,  are 
not  seen  by  the  eye.    Under  such  conditions,  it  is  important  that  you 
have  a  good  understanding  of  how  to  use  a  voltmeter  or  an  ohameter  to 
help  you  find  the  open  component. 


IURNED  OUT  RESISTOR 


•-IJI4 

BURNED  OUT  IURNED  OUT  FUSE  IROKEN  WIRE 

LAMP  IULI 


rheck  the  true  statements. 


1 .  An  open  can  always  be  located  visually. 

2.  An  open  is  an  incomplete  path  for  current  to  flow. 

3.  An  example  of  an  open  would  he  a  switch  in  a  circuit  turned 
to  the  OFF  position. 

4.  A  burned  out  lamp  bulb  In  a  circuit  would  be  an  example  of 
an  open. 


Answer,  to  Fr«.  24:    V1  -  24V      V2  -  24V      V3  -  24V      V4  -  20V 

V5  -  8V        V6  -  8V        V7  -  0V 
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Frame  27 


An  open  v»b  defined  as  en  incomplete  path  for  current  to  flow. 
Although  en  open  occurs  eny  tine  e  switch  It  turned  OFF,  en  open  may 
also  develop  eccldentelly  due  to  e  malfunction  In  the  circuit.  Many 
opens  cen  be  loceted  by  sight;  others  need  the  use  of  e  meter  to 
find  the  bed  component.    Using  e  meter  to  find  bad  components  is  the 
topic  of  the  remainder  of  thla  FT. 

Check  the  true  statements. 

 Current  can  still  flow  in  an  open  series  circuit. 

 2.     A  voltmeter  measures  the  difference  In  potential  between  two 

points. 

 ?•     A  voltmeter  can  be  used  in  locating  open  components  in  a 

series  circuit. 


Answers  to  Frame  25:    1.    OV      2.    12V         3.    8V       4.  OV 
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Frame  28 


Let1 s  get  some  practice  troubleshooting  with  a  voltmeter.    In  the 
circuit  below  we  have  given  you  voltmeter  readings  at  different  points. 
NOTE:    We  are  using  only  one  voltmeter  and  moving  the  positive  lead  from 
one  test  point  to  another.    The  voltmeter  readings  at  points  1,2,  and 
3  Indicate  that  we  have  a  complete  path  for  current  flow  up  to  point  3. 
Do  you  see  why?    If  not,  restudy  frame  26.    Now  trace  a  path  from  the 
negative  terminal  of  the  battery  through  the  voltmeter  connected  to 
point  4,  the  switch,  the  circuit  breaker,  and  back  to  the  positive 
terminal  of  the  battery.    Applying  Klrchhoff ?s  voltage  law  to  this 
path  we  see  that  the  voltmeter  should  be  dropping  24V  since  It  Is  the 
only  resistance  In  this  complete  path.    However,  It  Is  reading  OV.  This 
means  that  no  current  Is  flowing  through  the  meter.    Thus,  somewhere  In 
this  path  we  have  an  open.    Since  we  know  the  path  Is  good  up  to  point  3, 
the  open  must  be  between  point  3  and  point  4.    Thus,  the  switch  Is  open. 


24V  — 


Check  the  true  statements. 

J..     In  the  circuit  shown  the  difference  In  potential  betw*«a  point  3 
and  point  4  Is  2*  volts. 


2. 


If  the  circuit  breaker  had  been  open,  the  voltmeter  readlnga 
at  points  2  and  3  would  also  have  been  0  volts. 


3.      There  Is  no  current  flowing  through  Rl. 


Answers  to  Frame  26: 


1.       X   2.       X   3.       X  4. 
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Frame  29 

In  the  clrc  .it  shown  below  we  have  &".ven  you  voltmeter  readings  at 
different  points  In  the  circuit.    Since  the  voltmeter  readings  at  points 
2,  3,  4,  and  5  are  all  24V 9  we  have  a  complete  path  up  to  point  5.  If 
you  are  not  sure  why,  reetudy  frames  26  and  27.    Now,  trace  a  path  from 
the  negative  terminal  of  the  battery  through  the  voltmeter  connected 
to  point  6,  Rl,  the  switch,  the  circuit  breaker,  and  back  to  the  positive 
terminal  of  the  battery.    In  this  path  we  have  two  resistances,  Rl  and 
the  voltmeter.    The  voltmeter  should  be  dropping  some  of  the  voltage. 
However.  It  is  reading  OV.    This  means  that  no  current  is  flowing  through 
the  voltmeter.    Thus,  somewhere  In  this  path  we  have  an  open.    Since  we 
know  the  path  was  good  up  to  point  5,  the  open  must  be  between  points  5 
and  6.    Thus,  Rl  Is  cpcn. 


Check  the  true  statements. 

1.     A  voltmeter  connected  between  points  5  and  6  would  read  24V. 


2. 


3. 


4. 


If  all  the  readings  had  been  OV  except  the  one  at  point  2,  we 
wr/uld  have  an  open  switch. 

There  is  no  current  flowing  through  Rl. 

A  voltmeter  connected  between  points  6  and  7  would  r*ad  24 V. 


Answers  to  Frame  27:   1.       X  X  3. 
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Frame  30 


Tr.  the  circuit  shown  below  we  have  normal  readings  up  to  point  5. 
The  readings  at  points  6  and  7  are  abnormal.    Even  though  the  reading 
at  point  6  is  abnormal,  we  know  that  we  have  a  complete  path  up  to 
point  6  as  the  voltmeter  connected  there  is  deflecting.    The  voltmeter 

ST^fS.;'  ^  I  r!*d'  0V*  ThU8»  W*  have  no  current  £lowln8  through 
the  voltmeter  when  it  is  connected  at  point  7.    Therefore,  we  have  an 

open  somewhere  in  this  path.    Since  our  path  was  good  up  to  point  6, 

the  open  must  be  between  points  6  and  7.    Thus,  R2  is  open. 


Check  the  true  statements. 

There  is  no  current  flowing  through  R2. 

J.     A  voltmeter  connected  between  points  6  and  7  would  read  24V. 

_3.      If  all  the  readings  were  the  same  as  those  above  except  hat 
at  point  6  we  had  0V,  we  would  have  an  open  In  R2. 


Answers  to  Frame  28:       X   1.       X    2.  X3. 
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Frame  31 


Let's  think  of  one  more  problem  before  giving  you  some  to  do  on  your 
own.    The  circuit  we  ere  using  hee  three  lamps  in  it.    For  troubleshooting 
purposes  treat  the  leaps  just  like  resistors.    We  closed  the  switch  and 
none  of  the  lamps  came  on.   We  made  voltage  checks  at  all  the  points 
shown.    Everywhere  we  placed  the  meter  in  the  circuit  it  read  24V.  From 
the  readings  given  we  know  we  have  a  complete  path  up  to  point  8.  Since 
we  know  there  must  be  an  open  in  the  circuit  or  the  lamps  would  be  lit, 
the  only  possibility  left  is  between  8  and  ground.    Let's  sea  why!  As 
stated  earlier  the  reading  at  point  8  would  be  OV  as  the  ground  wire 
should  provide  a  0  ohms  resistance  path  for  the  current  to  bypass  the 
meter  when  it  is  connected  to  point  8.    Thus,  the  ground  wire  must  be  open 
forcing  the  current  to  go  through  the  voltmeter.    Another  way  to  explain 
this  problem  is  to  recall  that  a  wire  (conductor)  should  have  0  ohms  of 
resistance.    Since  R  -  0,  the  voltage  drop  across  a  wire  should  be  0V. 
Since  any  number  times  0  is  0,  E-IxO  -  OV.    Thus,  we  should  not  have 
a  measurable  voltage  drop  across  a  short  piece  of  wire.    If,  as  in  this 
case,  the  wire  is  dropping  all  the  applied  voltage,  you  have  an  open  in 
the  wire. 


r 

—  24V 

i 


(24V)    (24)    &V)  &v)  (24 


Check  the  true  statements. 

_1.     If  lamp  L2  burned  out,  lamps  LI  and  L3  would  continue  operating. 

_2.     A  difference  of  potential  of  24V  across  a  wire  would  indicate 
that  the  wire  is  open. 


Answer,  to  Frame  29:       X  1. 


2.       X  3. 


4. 


ERIC 
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Frame  32 


Analyze  the  meter  readings  in  each  of  the  following  circuits.  On 
the  blank  provided  by  each  circuit  list  the  type  of  trouble  and  the 
faulty  component.    The  first  one  has  been  done  for  you.  Throughout 
this  PT  all  circuits  will  have  at  most  one  faulty  component  per  circuit. 

1.     OPEN  wd  a  between  points  4  and  5. 


2. 


3. 


Answers  to  Frame  30:       X   1.       X  2. 
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Frame  33 

An  open  can  also  be  located  with  an  ohmmeter.    Remember,  an  ohmmeter 
has  its  own  source  of  power  and  should  never  be  used  In  a  live  circuit . 
You  must  either  open  the  circuit  breaker,  remove  the  fuse,  open  the 
switch,  or  disconnect  the  vires.    Before  using  an  ohmneter  for  trouble- 
shooting let's  see  v*-       sadlngs  an  ohmneter  would  Indicate  in  a  normal 
circuit.    The  ohmme         wee  ted  from  point  8  to  ground  should  read  0 
chms,  since  the  residence  of  the  ground  wire  should  be  practically 
C  ohms.    An  ohmme ter  connected  from  point  7  to  ground  should  read  6  ohms, 
the  resistance  of  R3.    When  the  ohmmeter  is  connected  to  point  6,  it 
should  read  18  ohms,  the  total  resistance  of  R2  and  R3.    What  would  the 
ohmmeter  read  when  connected  to  point  5?    If  you  said  24  ohms,  you  are 
correct.    The  reason  Is,  the  ohmmeter  is  connected  from  point  5  to  the 
circuit  ground  so  it  reads  the  total  resistance  of  the  circuit. 


ynl2  5    Rl     6       R2     7     R3  8 

»  m  •     #  *av    m  m  # 


r 

! 


6(2  12(2   s  6(2 


Check  the  true  statements. 

_1.     An  ohmmeter  connected  from  pclnt  A  to  ground  would  read  24  ohms. 

2.     An  ohmmeter  connected  from  point  6  to  point  8  would  read  18  ohms. 

_3.     An  ohmmeter  connected  from  point  6  to  ground  would  read  18  ohms. 


Answers  to  Frame  31:  1.       X  2. 


2. 

open  point*  5-6 

3. 

open 

7-8 

4. 

open  2-3 

5. 

open 

6. 

optn  8  to  ground 

7. 

open 
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Frame  34 


Let '8  get  some  practice  troubleshooting  with  an  ohmmeter.    In  the 
circuit  below  we  have  given  you  ohmmeter  readings  at  different  points 
in  the  circuit.    We  are  using  only  one  ohmmeter  and  moving  the  one  lead 
from  one  test  point  to  another.    Remember ,  in  order  to  have  needle 
deflection,  you  must  have  current  flowing  through  the  movement.  An 
ohmmeter  reading  of  0  ohms  at  point  8  Indicates  that  the  ground  wire 
is  good.    An  ohmmeter  reading  of  6  ohms  at  point  7  indicates  that  we 
have  a  complete  path  up  to  point  7.    When  the  ohmmeter  is  connected  to 
point  6»  the  needle  doesnft  deflect.    This  indicates  that  no  current 
is  flowing  through  the  ohmmeter  when  it  is  connected  to  point  6.  Since 
we  had  a  complete  path  up  to  point  7,  th  re  must  be  an  open  between 
points  6  and  7.    Thus,  R2  is  open. 


Check  the  true  statements. 

1.  If  an  ohmmeter  was  connected  to  point  6  in  the  circuit  above, 
the  ohmmeter  would  read  infinity  («)  Indicating  that  R2  is 
open. 

2.  No  deflection  of  an  ohmmeter  needle  indicates  that  there  is 
no  current  flowing  through  the  meter  movement. 

3.  An  inflnicy  («)  reading  Indicates  that  we  have  an  open. 


Answers  to  Frame  33s       X   1.       X   2.       X  3. 
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Frame  35 


In  the  circuit  below,  we  have  given  vou  ohmopter  readings  at 
different  points  In  the  circuit.    Since  we  have  needle  deflection 
when  the  ohmmeter  Is  connected  to  points  5,  6,  7,  and  8,  we  oust 
have  a  complete  path  up  to  point  5.    Remember  atart  at  point  8  to 
trace  your  path.    The  Infinity  <-)  reading  at  point  4  Indicates  that 
there  Is  not  a  complete  path  up  to  point  4.    Since  It  was  complete 
up  to  point  5,  there  Is  an  open  between  points  4  and  5. 


Check  the  true  statements. 

1.  An  ohmmeter  connected  between  points  4  and  5  would  Indicate  • 

2.  An  ohmmeter  reading  of  infinity  at  point  8  Indicates  that  the 
ground  wire  is  good. 

3.  An  ohmmeter  connected  around  an  open  will  Indicate  infinity. 
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Frame  36 


You  can  also  measure  across  a  resistor  *o  see  what  its  value  is. 
For  example,  in  the  circuit  below,  if  ve  measure  across  Rj,  ve  get  2 
ohms.    That  is  a  good  reading  since  Rj  has  2  ohms  of  resistance.  R2 
has  a  value  of  3  ohms  and  we  measured  3  ohms,  when  we  measured  across 
it.    R3  should  have  a  value  of  6  ohms,  however,  we  are  reading  Infinity 
(»).    This  indicates  that  R3  is  open. 


viewers  to  Frame  34:       X   1.       X   2.       X  3. 
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Frame  37 


Analyze  the  meter  readings  in  each  of  the  following  circuits.  On 
the  blank  provided  by  each  circuit  list  the  type  of  trouble  and  the 
faulty  component.    The  first  one  has  been  done  for  you. 


Frame  37  (Continued) 


*  * 

Frame  38 
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Frame  38  (Continued) 


Have  the  instructor  check  your  answers.    Instructor's  Initials 
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Frame  39 

Now  let' a  take  a  look  at  what  happens  when  a  circuit  develops  a  short. 
»m±.i  circuit  is  sn  accident  path  of  low  resistance  wh-ch  prists  an 
abnormal  amount  of  current.    A  ahort  circuit  exist,  whenever  the  insistence 
of  the  circuit  or  the  resistance  of  a  path  of  c  circuit  dropa  in  valw  to 
almoat  zero  ohme.    A  short  often  occurs  aa  a  reault  of  Improper  wirin'  * 

improper  wiring.    PiL  r«  C  shows  an  example  of  brokan  or  worn  inaulation. 


RESISTOR  TERMINALS  TOUCHING 
A 


BARE  WIRES  TOUCHING 
C 


IMPROPER  WIRING 

IOTH  WIRES 
CONNECTED 
TO  ^E  SAME 
TERMINAL 


Check  the  true  statements. 

_1.     I a  figure  A  above,  the  current  bypasses  the  resistor. 

_2.     A  short  ci-cuit  bypasses  part  or  all  of  the  circuit  resistance. 

3. 


A  short  circuit  causes  the  resistance  of  ell  or  part  of  the 
circuit  to  drop  in  value  to  almost  aero  ohnp. 


An  avers  to  Frame  37:  2„    Open  6-7  (R2)    3.    Open  8  -  ground 

4.    Opon  5-6  (Rl?         Open  7-8  (R3)    6.    Open  4-5 
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Frame  40 


The  purpose  of  each  resistor  In  a  series  circuit  is  to  drop  some 
of  the  applied  voyage.    Since  a  shorted  resistor  Is  being  bypassed 
by  a  zero  resistance  path,  the  shorted  resistor  will  have  no  current 
flowing  through  It,    The  current  will  all  be  flowing  through  the  zero 
resistance  path.    With  no  current  flowing  through  the  resistor  It  will 
not  have  any  voltage  dropped  across  it.    In  the  circuit  below  we  have 
given  you  voltmeter  readings  at  different  points.    Which  resistor 
does  not  have  a  difference  in  potential  across  it?    If  you  said  R29 
you  are  correct.    Let's  see  why.    The  potential  at  point  6  is  18V  and 
the  potential  at  point  7  is  also  18V.    Thus,  there  is  no  difference  in 
potential  across  R2.    Therefore,  there  is  no  current  flowing  through  R2 
and  it  must  be  shorted.    There  Is  current  flowing  through  Rl  and  R3  as 
indicated  by  the  voltage  drops  across  them. 

(Zero  resistance  path) 


Check  the  true  statements. 

1.  A  voltmeter  connected  between  points  5  and  6  will  read  6V. 

2.  A  voltmeter  connected  between  points  6  and  7  will  read  0V. 

3.  A  voltmeter  connected  between  points  7  and  8  will  read  18V. 

4.  The  difference  in  poten  ia^  across  a  shorted  resistor  is  0V. 


Answers  to  Frame  39;      X    1.       X    2.       X  3. 
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Frame  41 


In  the  circuit  below  ve  have  given  you  voltmeter  readings  at 
different  points.    Let's  determine  the  faulty  component.    There  is 
no  difference  in  potential  across  ^  since  there  is  24V  on  each  end 

of  it.    This  indicates  that  there  is  no  current  flowing  through  R^. 

There  is  current  flowing  through  Rg  and       since  there  is  voltage 

dropped  across  them.  Since  there  is  current  flowing  in  the  circuit, 
but  no  voltage  dropped  across  R^,  R^  must  be  shorted. 


©  0 


Check  the  true  statements. 

_1.     The  difference  in  potential  across  a  shorted  resistor  is  OV. 


2.     There  is  still  current  flowing  through  Kg  and  R^  In  the  circuit 
above. 

_3.     Resistor  R^  is  dropping  all  of  the  applied  voltage. 
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Frame  42 

Analyze  the  meter  readings  In  each  of  the  following  circuits.  On 
the  blank  provided  by  each  circuit  list  the  type  of  trouble  and  the 
faulty  component.    The  first  one  has  been  done  for  you. 


1.  SHORT  R2 


2. 


3. 


Answers  to  Frame  40:       X   1.       X   2.       X   3.       X  4. 
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Frame  42  (Continued) 


Answers  to  Frame  41:       X    1.       X    2.   3. 
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Frame  43 


Many  times  a  short  circuit  will  result  In  the  fuse  bloving,  or 
circuit  breaker  popping.    When  this  happens  you  will  need  to  use  an 
ohnmeter  to  find  the  faulty  component.    Since  a  shorted  resistor 
is  being  bypassed  by  a  0  ohms  resistance  path,  an  ohaneter  connert'd 
around  a  shorted  resistor  will  read  0  ohms.    In  the  circuit  below  we 
have  taken  ohmmster  readings  across  each  resistor.    Which  resistor  is 
shorted?   Rl  Is  shorted  since  the  ohnmeter  connected  around  It  reads 
0  ohms. 


i 


Check  the  true  statements. 

1.  An  ohnmeter  connected  from  point  8  to  ground  should  read  0  ohms. 

2.  An  ohmmeter  connected  from  point  7  to  ground  should  read  20  ohms. 


3. 


An  ohmmeter  connected  from  5  to  ground  would  read  the  same 
as  one  connected  from  6  to  ground. 
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Frane  44 


In  the  circuit  below  we  are  trying  to  find  the  reason  that  the  fuse 
has  blown.    Let's  discuss  the  ohmmeter  readings  one  at  a  time.  The 
reading  at  point  8  should  be  0  ohms  as  we  are  just  measuring  the 
resistance  of  the  ground  wire.    The  reading  at  point  7  should  be  6 
ohms  as  we  are  checking  the  resistance  of  the  ground  wire  and  R3. 
The  reading  at  point  6  should  b_  12  ohms  as  we  are  now  checking  the 
resistance  of  both  R2  and  R3.    However,  the  reading  at  point  6  is 
6  ohms.    This  indicates  that  R2  is  not  offering  any  additional 
resistance  to  that  of  R3.    Thus,  there  must  be  a  path  for  the  current 
to  bypass  R2.    Therefore,  R2  is  shorted. 


Check  the  true  statements. 

1.  If  the  fuse  has  blown  In  a  circuit,  you  probably  have  a  short 
somewhere  in  the  circuit. 

2.  An  ohmmeter  connected  between  points  5  and  6  will  read  12  ohms. 


3.     An  ohmmeter  connected  between  points  6  and  7  will  read  0  ohms. 


Answers  to  Frame  42:   2.    short  R3    3.    short  Rl    4.    short  R2 

5.    short  Rl    6.    short  R3 
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Frame  45 

Analyze  the  meter  readings  In  each  of  the  following  circuits.  On 
the  blank  provided  by  each  circuit  list  the  type  of  trouble  and  the 
faulty  component. 


1. 


2. 


i 


Answers  to  Frame  43:    _X  1.       X    2.       X  3. 
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Frame  45  (Continued) 


Answers  to  Frame  4*  :       X    1.   2.       X  3. 
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Frame  46 


Analyze  the  meter  readings  In  each  of  the  following  circuits*  On 
the  blank  provided  by  each  circuit  list  the  type  trouble  and  the  faulty 
component . 


1. 


2. 


3. 


Frame  47 


Many  students  have  difficulty  distinguishing  between  opens  and 
shorts.    An  open  is  an  incomplete  path  for  current  and  stops  the 
current  flow  in  that  path.    A  short  is  an  accidental  path  of  low 
resistance  which  passes  an  abnormal  amount  of  current.    Many  times 
a  short  will  cause  the  circuit  breaker  to  pop.    In  the  circuit  below 
we  have  given  you  the  normal  voltage  readings  at  the  points  Indicated. 
Let 9 8  see  what  the  readings  would  be  if  Rl  became  open.    If  Rl  became 
open  the  lamp  would  go  out  as  there  would  not  be  a  complete  path  for 
current  flow.    There  should  stil.l  be  24V  at  point  5.    The  voltmeter 
would  read  OV  when  connected  at  point  6.    The  reason  is  there  is  not 
a  complete  path  up  to  point  6  with  Rl  open.    With  no  current  flowing 
through  the  meter,  the  needle  would  not  deflect. 


Check  the  true  statements. 

_1.     A  voltmeter  connected  between  points  5  and  6  with  Rl  open 
would  read  24V. 

_2.     The  lamp  would  go  out  if  the  ground  wire  was  disconnected 


from  point  7. 


Answers  to  Frame  45:    1.    short  R3 

4.    short  R2 


2.  short  Ri 
5.    short  Ri 


3.  short  R3 
6.    short  R2 
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Frame  48 

We  are  using  the  same  circuit  as  we  used  in  the  last  frame.  The 
normal  readings  are  given.    Nov  we  are  going  to  assume  that  Rl  becomes 
shorted  and  that  the  current  doesn't  get  high  enough  to  pop  the 
circuit  breaker.    Would  the  lamp  continue  to  burn?    Yes,  in  fact  it 
will  be  burning  brighter.    Let's  see  why!    The  potential  at  point  5 
should  still  be  24V.    What  would  the  potential  at  point  6  be?    If  you 
said  24V 9  you  are  correct.    The  reason  is  the  current  is  bypassing  Rl, 
so  Rl  is  not  dropping  any  voltage.    Thus,  it  will  hav<*  the  same  potential 
on  each  end  of  it.    Now  it  should  be  evident  why  the  lamp  would  be  burning 
brighter.    Instead  of  dropping  18V  it  is  dropping  all  24V. 


Check  the  true  statements. 

1.  When  Rl  becomes  shorted,  LI  will  bu:  a  brighter. 

2.  With  Rl  shorted  a  voltmeter  connected  around  LI  would  read  24V. 

3.  There  is  still  current  flowing  In  the  circuit  when  the  lamp 
burns  out. 
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Frame  49 


We  have  given  you  three  Identical  circuits  below.    In  circuit  A  we 
have  given  you  the  normal  voltage  readings  of  the  circuit.    In  circuit  B 
we  have  given  you  the  readings  that  would  be  obtained  if  R3  became 
open.    In  circuit  C  we  have  given  you  the  readings  that  would  be  obtained 
if  R3  became  shorted.    In  all  the  circuits  in  this  lesson  we  will  not 
give  you  any  circuits  wxth  more  than  one  faulty  component.    Looking  at 
circuit  B  you  see  that  we  have  24V  on  each  end  of  Rl.    Thus,  your 
first  inclination  might  be  to  say  that  Rl  is  shorted.    However,  look  at 
R2.    It  also  has  24V  on  each  end  of  It.    Thus,  it  also  would  have  to  be 
shorted.    However,  we  are  assuming  only  one  faulty  component  per  problem. 
Thus,  Rl  and  R2  are  not  shorted.    The  reason  they  are  not  dropping  any 
voltage  is  that  with  R3  open  there  Is  no  current  flowing  in  the  circuit. 
With  no  current  flov'ng  in  the  circuit  there  can  be  no  voltage  dropped 
across  Rl  ens'  R2.    From  the  readings  given  we  know  we  have  a  complete 
path  up  to    oint  7.    We  don't  have  a  path  to  point  8.    Thus,  R3  must  be 
open.    In  figure  C  we  have  current  flow  since  both  Rl  and  R2  are  dropping 
some  voltage.    Thus,  we  know  that  we  can't  have  an  open  In  cl'  uit  C. 
However,  R3  has  the  same  potential  on  each  end  of  it,  so  it  Is  shorted. 


Circuit  A. 
Normal  Circuit 


Circuit  B. 
Open  R3 


Circuit  C. 
Short  R3 
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Frame  49  (Continued) 

Check  the  true  statements  concerning  the  analysis  of  series  circuits. 

 1.     An  open  resistor  will  have  a  difference  In  potential  equal  tc 

the  applied  voltage. 

 2.     A  shorted  resistor  has  no  difference  in  potential  across  It, 

 3.     A  voltme    -  connected  around  K3  in  circuit  C  would  rea^  24V. 

4.     A  voltmet.ir  connected  around  R3  In  circuit  B  would  read  24V. 


Answers  to  Fraue  47:       X   1«        X  2. 
Answers  to  Frame  4b:       X   1.        X  2.   
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»rame  50 


This  frame  and  the  next  three  will  be  a  review  of  this  PT.  Analyze 
the  meter  readings  in  each  of  the  following  circuits.    On  the  blank 
provided  by  each  circuit  list  the  type  of  trouble  and  the  faulty 
component.    Be  sure  to  distinguish  between  shorts  and  opens. 


2. 


3. 


Answers  to  Frame  49:       X    1.       X   2.   3.       X  4. 
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Frame  51 


Analyze  the  meter  readings  In  each  of  the  following  circuits.  On 
the  blank  provided  by  each  circuit  list  the  type  of  trouble  and  the 
faulty  component. 


743 
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Frame  52 


On  the  appropr^  .e  blank  b3"  each  o*.  the  following  circuits  list 
the  type  of  trouble  and  the  faulty  component. 

Type  of  Faulty 
trouble  component 
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Frame  52  (Continued) 


Type  of  Faulty 
trouble  component 


6a.  b# 


i 


5  6 


R]_=^)JV  R3=10.n. 


8 


7a.  b. 


5               6  7  8 

*****     #      *****  #  *****  # 

Rl^-n-   J     R2^Jfu  J  R3=3^ 

CD  J  l6.iv) 


I 


8a.  b. 


5  6  7 

»^V**       #      *****      #  ***** 


I  Ri=2-iv  |      R2=OnL  |  Rj"^^v 


8 


I 


oo 


9a.  b. 


10a.  b._ 


Rx=2xw 


8 


1 


R2=2jv    J  R3-9JV 


T 


I 


4  5 


6  7  8 

Rl=9xu  I     R^ju   I  R3*0A 


Have  the  Instructor  check  your  answers.    Instructor's  Initials 


0 
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Answers  to  Frame  50: 


1. 
3. 
5. 
7. 


Open  R2 
Open  3-4 
Open  IL 
Short  iL 


2.  Short  R2 
4.  Short  Ri 
6.      Open  8  to  Ground 


Answers  to  Frame  51: 


1.  Open  R}  2. 

3.  Open  8  to  Ground  4. 

5.  Short  R3  6. 

7.  Open  R2 


Short  R1 
Open  R2 
Short  Ri 
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SERVICE  TEST 

Environmental  Pneudraulics  Branch  C3ABR42331-HO-117A 
Chanute  AFB,  Illinois  8  December  1983 

PARALLEL  CIRCUITS 

INSTRUCTIONS 

Using  Kirchoff's  Current,  Kirchoff's  Voltage  *\&  Ohmfs  Laws,  solve 
for  the  following  unknown  value(s). 


3. 


V  — jl  TV  U. 


I  a.  Tfli* — a. 


OPR:  33/0  TCHTG 
DISTRIBUTION:  X 

3370  TCHTG/TTGU-P  -  150;  DAV  -  1 

Designed  for  ATC  Course  Use. 


Do  Not  Use  on  the  Job. 
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SERVICE  TEST 

Knvironmental  Branch  C3ABR42331-HO-117A 
Chanute  AKB,  Illinois  27  January  1984 

SERIES  CIRCUITS 

INSTRUCTIONS:    Using  Kirchhoff's  Current,  Kirchhofffs  Voltage  and  Ohmfs 
Laws,  solve  for  the  unknown  value (s). 


1. 


•%z\2a. 


-VH  


AW- 


V — 4-1^2*- 


v  pAA,  * 

t  H^-  @  @  


OPR:  3370  TCHTG 
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5a. 
V — -a. 


6. 


If 
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8. 


10. 


•4— i|i 


— V 

— a 
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INSTRUCTIONS 

record  *lZ\lm°tlm  indlCatl0n  ^  ,,n, 

Part  la  -  Opens  (Voltmeter) 

L^ond  L3  inopera-hVe  I.  

a  3  s.  l  n 


<3  \lei4-her  resistor  toill  drop  vol+age 


3.  MA  »ooperafiVe 


-Ii" 


Hi 


<>I'R:     3170  TCHTc; 
MfSTHlKUIION:  X 
<  )7()  TCHTc/VKid-r 
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1r>0;  OAV 


£  s\   Both  \\cjinH  ujon-fr  toork 


•  1 1  • ,  •  f 


10V 
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Pa/4  lb  -  Opens  COhmmeier) 


1  ^»  *  »  ^ 


1 


7-  »nooera4-ive. 


7.. 


— I  — *^ — 7* 


c\.  inopercL+»Ve. 


L 


/o.    Bo+h  r  Vis-hors  inoperative 


/a. 


ERIC 


->  -   _  > 


?ar+3  -Shorfs(Ohmme-rer) 

ftfo+e:  Yoa  cAnnfiH-roukl^hocrf  3hor^  in  a  parallel  c,rCu',+  u>,+h  a  ^ol+rr,etec) 


I.  fi,jRaan<if?3  toil/ not  u)or*( 


I. 


3.    L  igM\s  uji  1 1  nof  turn  off 


3 


3.    Rau)<  ll  no-f  drop  voltage, 


H. Motors -o ill  not  tarn  over 


• 
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Par43-  Opens  and  Sho.-.s  £0hm*nef«r) 
!.  fill  li^h-l-s  inoperative  I. 


2.  Ri  inopera+ive. 


A. 


iMAr?-  |l 


3.    M,  inoperative 


^     RA  inopera+ive 


124. 


1. 


5.  411   ligh+S  inopera+fve 


'Par*  4-  Opens  and  Shores ;  fVolf  an<*  Ohm 


2.  Ujh+s  will  t\o+  +urr>  of-P  4. 


ftrf  4  (Co**') 
5.   Res<s+ors  uJon4-u)ork  s.. 


 l|l 

4v 


 iwU  

*3 


£>•  Mo+ors   u/i  ||  no+  Uorfc 


6.. 
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ParH-fo>n« 


9  9.     I*  oW+  /ygh+- 


9. 


10.  Rj  mopera+iVe 
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Environmental  Pneudrauiics  Branch 
Cuanute  AFBt  Illinois 

INSTRUCTIONS  SE*IES  CIRCUIT 


SERVICE  TEST 
C3ABR42331-HO-117B 


Using  the  malfunction  indications  and  meter  readings,  locate  and 
record  the  probable  malfunction. 

Part  la  -  Opens  (Voltmeter) 

l«  All  I  resis+ors  mopenafive  L 


3waI —  i„. 


2,  AW  tesis+ors  inoperative  2* 


4.  All  ligh+S  inoperative 
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"Part  lb-Op«*s  (okr*me+«r) 
05.  flll  iigh+s  inoperative  5.   
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Tort  2a-  Shor+sCVo/tmefer) 


I.  'Rj  inopera+iVe  I. 


2.  LigMs  cannot  be  furned  off  4 
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f*xr+2b-  5hor+sCOhmmefe 


4.  Lz  inopera+ive  4. 


8.  Mo+ors  ccnnof  be  turned  of-P  ?. 
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*fer+3a-Op«nsond  Shorfe  (Vol+me+er) 
I.  W  ligh+s  inopera+ive  L 


3.  MA  inoperative 


3.  "R3  Inopcra+i^e 


H.flll  loads  ifloperarfwe  i|. 

— 


if 


Mi 


5.L^s^^onu)  i*h  tircaif  br«eJC€r  5 


I 
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Part  3b-  Op«ns  and  Shorts  (Ohm meter) 
I.Hesis+ors  didno+drop  vol+oge  I.  


3-  M,  inopera+tVe 


A4t  Mjl 


• 

3  All  loads  inoperative 


•  •  • 


5  Ucjhihs  will  not  turn  off 


5  = 
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J 


Tar+M  -Opensand  SKorfs (Vol+  and  Ohmmm^ers) 


I.  *Resis+or.s  do  nof  u)ork 


>~*ArWf— -■"'WW— »4AAfV— — -Jit 


1?, 


ay    (j^    ^  (jay) 


2.  Motors  run  when  lurried  off  2.. 


3.  L,  inoperative 


3.. 


M.  All  liqh+5  inoperafive 


5.  Ka  mopera+iVe 


5.. 
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6.  fll  I  \ocAs  60  nof  work 


7.  Rjand^dono+uork 


/O.iv^orsujillno+s+opu)hen+urned  10. 
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OBJECTIVES 


Using  pertinent  laws  and  formulas,  solve  for  unknown  values  in 
parallel  circuits.    A  minimum  of  eight  out  of  ten  circuits  must  be 
correct. 

Using  schematic  diagrams  of  parallel  circuits,  malfunction 
indications  and  meter  readings,  specify  the  type  of  troubles  for  a 
minimum  of  eight  out  of  ten  indications. 

INSTRUCTIONS 

This  programmed  text  presents  information  in  small  steps  called 
"frames."    CarefulJy  study  the  written  material  and/or  schematic 
in  each  frame  until  you  are  satisfied  you  understand  its  contents. 
Each  frame  requires  you  to  select  true  statements,  solve  problems, 
etc.     Specific  instructions  are  provided  in  each  frame.    After  you 
have  made  your  response  in  this  book,  compare  your  answer  with  the 
answer  on  :he  top  of  the  next  frame  (Frames  1  thru  15)  and  at  the 
bottom  of  the  page  to  pages  over  for  Frames  16  thru 

If  you  are  correct,  go  on  to  tha  next  frame.     If  you  are  incor- 
rect, study  the  frame  again  and  correct  your  mistakes  before 
continuing.    If  you  still  can't  understand  your  mistakes,  ask  your 
instructor  for  assistance.    Read  carefully,  select  the  correct 
answer (s)  and  DO  NOT  HURRY.    Be  sure  you  have  the  handout  (HO)  in 
front  of  you  called  RULES,  LAWS  AND  FORMULAS. 


Supersedes  3ABR42331-PT-118,  27  May  1981. 
OPR:     3370  TCHTG 
DISTRIBUTION:  X 

3370  TCHTG/TTGU-P  -  500;  DAV  -  1 
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Frame  1 

A  parallel  circuit  is  a  circuit  that  has  two  or  more  paths  for 
current  to  flow  through.    The  components  that  make  up  a  parallel 
circuit  are  arranged  so  that  current  will  have  more  than  one  way  to 
flow.    Start  tracing  at  the  negative  pole  of  the  power  source  and 
follow  all  the  paths  back  to  the  positive  circuit. 

Determine  which  circuit(s)  below  is/are  PARALLEL  CIRCUIT(s)  and 
circle  its/their  num\>er(s). 


1. 


2. 


r 
t. 


} 


I.  -       t  s — WV  


Hi'  h. 


"H|i|iK^©— I" 


5. 


6. 


-  .  .+ 


<l| — 


4 


-WVr 


■wv  1 1  • 
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Answers  to  Frame  1:  2,  3,  6 
Frame  2 


The  illustrations  below  are  parallel  circi.it  diagrams* 


Circle  the  number  of  the  statement  which  correctly  describes 
parallel  circuits. 

1.  Circuit  components  are  arranged  such,  that  all  the  current 
must  flow  through  the  only  path  provided. 

2.  Current  will  divide  and  flow  through  all  of  the  paths  provided. 


Answer  to  Frame  2: 


2 


Frame  3 


Since  current  has  been  provided  with  more  than  one  path  in  which 
to  flow,  you  can  see  how  the  main  current  would  divide  and  flow  across 
each  of  the  paths.    How  much  of  the  current  flows  through  each  branch 
of  the  circuit  depends  on  how  much  resistance  ie  in  each  branch. 
Certainly  there  will  be  more  current  flowing  in  a  branch  that  has  a 
small  resistance  than  there  will  be  in  a  branch  with  a  large  amount 
of  resistance.    Regardless  of  the  amount  of  current  flowing  across 
each  branch,  one  thing  is  certain,  the  "TOTAL  current  flow  in  the 
entire  parallel  circuit  is  the  SUM  of  the  currents  flowing  through 
each  branch!11 


Circle  the  letter  of  the  statement  below  tnat  describes  the 
characteristic  of  amperage  in  a  parallel  circuit. 

A.  Total  amperage  is  the  sum  of  all  the  amperages  of  the  branches. 

B.  Total  amperage  is  the  same  throughout  the  entire  circuit. 
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Answer  to  Frame  3:  A 
Frame  4 

If  you  recognize  total  amperage  as  being  the  SUM  of  the  amperages 
throughout  the  circuit,  solve  the  problems  below  >    Enter  your  answer 
in  the  proper  space. 


2. 


<0 


,1*  -la 


It" 


It  "  9* 


-«a 


L2  "3a 


k.  "H'l't 


."|i|Hi'  iru 


It  " 


It  -  100a 
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Answers  to  Frame  4:    1.    3a     2.    5a^     3.    11a     4.  94a 


Frame  5 


Total  amperage  is  ALWAYS  the  SUM  of  the  amperages  In  a  parallel 
circuit.    Letfs  consider  the  effect  of  voltage  in  a  parallel  circuit. 
Voltage  in  a  parallel  circuit  pushes  with  equal  pressure  across  all 
of  the  branches.    Thus,  what  we  have  said  here  is:    Voltage  is  the 
SAME  across  each  path  in  the  circuit* 

Notice  what  happens  to  the  applied  voltage  in  the  diagrams  below. 


E2  -12v 


ET~KX>V 


E^-lOOv 


Below  are  some  parallel  problems*    Solve  the  problems  and  write 
your  answers  in  the  spaces  provided* 


E2»7v 
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Answers  to  Frame  5:    1.    4V     2.    7V     3.    3V     A.  2V 
Frame  6 

So  far  you  have  seen  that  amperage  is  the  "SUM"  and  voltage  is  the 
"SAME"  in  a  parallel  circuit.    Using  this  information  and  OHM'S  law, 
solve  the  problems  listed  below  and  write  your  answers  in  the  spaces 
provided* 
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Answers  to  Frame  6: 


1 

1 . 

Et 

El 

0  A 

£q 

E2 

m 

24 

T 

lt 

ja 

T 

xa 

f 

L2 

/a 

R 

t 

a 

8n 

Rl 

S3 

240 

R2 

m 

12ft 

2. 

E 

t 

a 

24V 

El 

24V 

E2 

m 

24V 

\ 

m 

12a 

h 

4a 

*2 

" 

8a 

R 

t 

S3 

2ft 

h 

6Q 

R2 

3n 

3. 

E 

t 

•3 

8V 

El 

ex 

8V 

E2 

8V 

I 

t 

aa 

33a 

h 

2a 

h 

8a 

E0  -  8V       E    =  8V 
I3  -  20a     I4  -  3a 
Frame  7 

Perhaps  you  noticed  while  you  were  working  the  problems  in  frame  6, 
that  the  total  resistance  (R^)  was  even  less  than  the  smallest  resistor 

in  the  circuit  I    If  you  didnft  notice,  go  back  and  look  at  the  R  value. 

How  can  this  be?    By  adding  more  resistors  in  parallel,  the  current  has 
more  paths  to  flow  through*    Therefore,  the  total  resistance  in  the 
circuit  must  be  lowered  to  allow  more  current  flow  from  negative  to 
positive. 

Circle  the  number  of  the  statement  below  that  best  describes 
resistance  in  a  parallel  circuit. 

1.  Adding  resistors  in  parallel  will  cause  resistance  to  increase 
and  amperage  to  decrease* 

2.  Adding  resistors  in  parallel  decreases  the  resistance  by 
offering  more  paths  for  current  to  flow,  therefore,  increasing 
the  amperage. 

3.  Total  resistance  is  the  sum  of  the  resistors  in  parallel. 

4.  Total  resistance  is  the  same  as  any  resistor  in  the  circuit. 
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Afi&ver  to  Frame  7:  2 
Frame  8 

Using  ohm's  Law  and  the  characteristics  of  voltage  (same)  and 
amperage  (sum),  solve  this  problem.    Pay  particular  attention  to  the 
total  resistance ♦    Write  your  answer  in  the  apaces  provided. 


Hdfore  you  compare  your  answer  with  the  one6  on  the  next  F*ge» 
i1U  yuti  r  i tut  Ihd  tut*  I  resistance  ^Bj  )  to  he  Isbb  than  the  boaUeet 

refHstorf    K  not,  work  tlie  problem  again. 


er|c 


77'j 

1W 


Answers  to  Frame  8: 


24V 


E1  »  24V 


24V 


I    -  6a 

Rt  m 


Ix  -  2a 


R. 


12U 


I2  -  4a 
H2  *  6U 


Frame  9 


Match  the  terms  to  the  statements  on  the  left  by  writing  the  letter 
of  the  terms  on  the  right. 


JL.      Remains  the  SAME  throughout  the 
parallel  circuit. 

2.  Is  the  SUM  of  all  of  those  in  the 
parallel  circuit. 

3.  Is  SMALLER  than  tha  smallest  in  the 


a •  Current 

b.  Voltage 

c.  Total  resistance 


parallel  circuit* 


780 
n 


Answers  to  Frame  9t    1.    b     2.    a  3. 


turn*  It* 


How  td  mathematically  solve  fot  the  total  resistance  in  the  parallel 
circuit  without  currant  or  voltage  values  given  in  a  circuit  is  shown 
below.    What  is  the  total  resistance?    It  can't  be  21  ohms  since  that 
isn't  "smaller  than  the  smallest  resistor." 

Using  the  formula  nhown  you  will  be  able  to  solve  for  any  Rfc  in  a* 

parallel  clircull.     Thin  Is  called  a  reciprocal  formula.    vou  should  uhu 
scratch  paper  to  work  this  problem  below  as  you  etudy  it* 


r 

T 


in. 


R  >I2A 


1_    +    1_  +    1_  +    1_   +    1_  +  " 

^2     ^3     ^4  ^5 


Now  letfH  take  only  whatf8  needed  from  thin  formula  and  solves  for 


Rfc  in  the  above  circuit. 


Rt" 


h  R2 


Because  the  circuit  has  only  three  resistors  we  will  need  only 
par:  of  the  formula  to  solve  F    'or  the  above  circuit • 


U    -  ,  ;  

1  -|         |  • 


Now  su  bstitute  the  teaist'lve  values  into  the  formula. 

R    -   r   

c       i_  +  A.  +  -   numerator 

3fi     60     1211  denominator 

In  any  fraction  the  top  number  ia  callad  the  numerator  a;id  tho 
bottom  number  is  the  denominator.    The  lovgat  common  denominator  (LCD) 
ia  the  smalleat  number  which  all  denominators  can  be  divided  into  evenly. 
In  our  example  12  ia  the  LCD,  (the  emalleet  number  3»  6,  and  12  can  be 
divided  into  evenly). 

(LCD)  12  ♦  3fi  -  4 
12  +  60-2 
12  ♦  120  -  1 


12 


ERIC 
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Frame  10  (Continued) 


ERIC 


Replace  the  resistive  values  with  equal  fractions  which  use  the  LCD 
as  their  denominators.    To  do  this,  divide  the  denominator  of  each 
fraction  (3ft,  6ft,  and  12ft)  into  the  LCD  and  enter  the  result  over  the 
LCD. 

R    -   I  U 

t    i_  +  L_  +  I_ 

12      12  12 

is  ■  h  ■ ■  © 


12      12  12 


Now,  add  the  numerators,  4+2+1-7.    DO  NOT  add  the  LCD, 
simply  enter  the  sum  of  the  numerators  over  the  LCD  (12) . 


R  - 


t       4  +  2  +  1 


12 


\  7 


1__ 

7_ 
12 


To  complete  the  problem  you  no.ed  to  divide  -jj  into  1  (yj  is  actually 

the  denominator  of  the  larger  fraction  and  1  is  the  numerator) .  Dividing 
a  fraction  into  another  number  is  the  same  ai  inverting  that  fraction  and 
multiplying  it  times  the  other  number. 

Rt  ■ 1  ♦  h 

The  final  step  is  to  convert  this  fraction  into  a  whole  number. 
Do  this  by  dividing  the  denominator  into  the  numerator. 

1.71 


R.  -  7)12.00 
C  _7 

b0 
49 
10 
7 


Rt  -  1.71ft 


13 
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Frame  10  (Continued) 


t 


Using  the  reciprocal  formula  solve  for  Rr  in  the  circuits  below. 
Write  your  answers  in  the  blanks  provided. 


r 


UrSA 

2 


2. 


r 

r 


R 

2 


R,»24^v 


R4»  4tw 


-WV- 


R  ■  J2vu        R  »i-n- 

 — vr  ^ 


R,  >4 


1 


SCRIES  CIRCUIT 

Note:    Compute  the  series  circuit 
first,  using  the  series  circuit 
rules. 


Atmwof ft  to  frame  lOt    1.    1.8.)     2.    2i09fl     3.    :i,3W     4,  1.920 


Frame  11 

The  next  formula  we  will  cover  is  the  product  over  the  sum,  which 
is  also  used  to  solve  for  total  resistance  in  a  parallel  circuit. 
This  formula  is  primarily  used  when  there  are  two  (2)  resistors  in 
parallel  whether  they  are  of  equal  value  or  not. 

When  two  (2)  numbers  are  multiplied  the  answer  is  called  a 
product.    When  two  (2)  numbers  are  added  the  answer  is  a  sum*  Therefore 
this  formula  is  worked  by  multiplying  two  (2)  numbers,  then  adding  the 
same  two  (2)  numbers,  and  dividing  the  two  (2)  answers. 

For  the  circuit  shown  below,  we  will  solve  for  R    using  the  product 

over  the  sum  formula.    The  formula  you  just  covered  in  the  last  frame 
could  also  be  used,  however,  at  this  time  let's  use  the  product  over  the 
sum* 

You  should  use  scratch  paper  to  work  this  problem  below  as  you 
study  it. 

i  f  r 


Rj-  8jl 


Step  (1)  Rt  - 

(2)  Rt  = 

(3)  Rt  - 

(«)  r.t  - 

(5)  R  - 


Rl  X  R2 

r-TrJ 

8X4  m  32 
8  +  4  "  12 


32 
12 


2.666ft 
2.666ft 
2.67ft 


15 
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Frame  11  (Continued) 

Using  the  product  over  the  sum  formula  solve  for       in  the  circuit 
below.    Write  your  answer (s)  in  the  blanks  provided. 


i 


V 


i 


Rj-Iia      >  R2"  A 


R3-  2tl 


NOTE:  Compute  the  total 
resistance  in  the 
series  circuit* 


1 


v 


1 


Rj-  32a  i  Rg-  8 


r 


erJc 


16 


*  00 


Answers  to  Frame  11:    1.    1.5n     2.    5.33n     3.    2. On     A.    6. An 


Frame  12 


The  last  formula  we  will  cover  is  the  resistive  value  over  the  total 
amount  of  like  resistors  in  parallel. 

This  formula  is  primarily  used  to  solve  for  total  resistance  in 
parallel  circuit  if  all  the  lesistance  values  in  parallel  are  equal. 
The  reciprocal  formula  shown  in  frame  10  can  also  be  used,  however  the 
formula,  shown  in  use  below,  is  easier  and  faster  to  use  if  the  resistive 
values  are  equal  in  value. 


You  should  use  scratch  paper  to  work  this  problem. 


V  h 


Step  (1)  R  - 


(2)  R  = 


(3)  R 


R 
N 


An 

3  ea 


1.333 


The  value  of  one  of  the  resistors  in  parallel 

if  they  are  all  equal  in  value. 

The  number  of  resistors  in  parallel. 

This  An  resistance  is  the  value  of  one  of 
the  An  resistors  in  parallel  only  if  all 
the  resistors  in  the  circuit  are  of  equal 
value . 

This  is  the  total  of  like  resistors  used 
in  parallel  with  each  other. 


(A)  Rfc  -  1.333  »  i.33n 

(5)  R    =  1.33n 
1.333 
3) A. 000 
3 

10 
_9 
10 
_9 
10 
_9 
1 


17 
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Frame  12  (Continued) 


Using  the  resistive  value  over  the  number  of  like  resistors  formula 
solve  for  R    in  the  circuit  below*    Write  your  answer(s)  in  the.  blanks 
provided .  t 


r 


V4~ 


Note:    Solve  for  the  series  circuit  first. 


R(  =  4.a. 


R2«4-n. 


1  1 


R4«4A- 


3.  r 


—  Rt«   j;  R(-la. 


R  =3A 


1 


R2»6A 


R4»in- 


Note:    Solve  for  the  series  circuit  first* 


R2«5A 


R,  =5a 


R  =10  a 


R4«  I0A 


T  V- 


1  1  1 

Note:    Solve  for  the  series  circuit  first. 


R9=I0A 


R6  » 10  a 


ERIC 
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Answers  to  Frame  12:    1.    1.330     2.    1.0ft     3.    2. On     4.  2.0ft 

Frame  13 

When  determining  the  TOTAL  values  in  a  parallel  circuit,  you  must 
decide  whether  the  characteristic  to  use  is  the  SUM,  SAME,  or  SMALLER 
THAN  THE  SMALLEST. 

In  the  space  provided,  write  the  characteristic  beside  the 
word  it  describes. 


a.  Voltage: 
fa.  Amperage: 
c.  Resistance: 
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Answers  to  Frame  13: 

a .  Voltage :      s  the  same  through  the  parallel  circuit 

b.  Amperage:    is  the  sum  of  all  the  amperages  in  the  parallel  circuit 

c .  Res  is  tan  ce :    is  smaller  than  the  smallest  resistor  in  the 

parallel  circuit 

Frame  14 

SAME   (E)  ______  VOLTAGE 

SUM   (I)   CURRENT  (INTENSITY) 

SMALLER  THAN  THE  SMALLEST    (R)   RESISTANCE 

If  you  remember  them  in  this  order,  it's  much  easier* 

If  you  really  understand  these  characteristics,  there  are  several 
problems  in  frame  15  that  will  help  you  see  how  true  those  characteristics 
are.    It  will  show  you  how  far  you  have  come  in  the  field  of  electricity 
and  electronics  tool 

You  should  be  able  to  solve  all  the  problems  in  frame  15  using 
Ohm's  Law. 

E  E 

E  ■  IX  R,  I  ■  -•,  R  ■  7  and  thr  characteristics  of  parallel  and 

K  X 

series  circuits. 

Characteristics  of  SERIES  CIRCUITS: 
SUM:    total  voltage  is  the  sum  in  a  series  circuit. 
SAME:    total  amperage  Is  the  same  in  a  series  circuit. 
SUM:    total  resistance  is  the  sum  in  a  series  circuit. 

Characteristics  of  PARALLEL  CIRCUITS: 

SAME:    total  voltage  is  the  same  as  any  voltage  ix>  the  circuit. 

SUM:    total  amperage  is  the  sum  of  all  the  amperages  in  the  circuit. 

SMALLER  THAN  THE  SMALLEST:    total  resistance  is  less  than  the  smallest 

resistor. 

NO  RESPONSE  REQUIRED 


ERLC 
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1. 


Frame  15 

Solve  the  following  and  write  the  answers  in  the  blanks  provided. 


CORRECT  RESPONSES  FOR  PARALLEL  CIRCUITS  in  Frame  15: 


9. 


Et=110V 
I  =»2a 


E^llOV 
I. -la 


E2»110V 
I2-la 


R1=110Q  R2=110Q 


IV 


18V 
3fl._ 


Rt-6iL_ 
Pt=54W_ 


R^-18JJ 
Pt-18W 


E2-1£L_ 
I2-2a 

R2-9Q 
P2=36W 


10. 


Et=24V 
Igf  4a 

Rt-6g 


E1=24V 

I1=2a 

R1=12£ 


E2°24V 
K2=12Q 


12V 


JL  R  -20 
t  — 

Pt«72W 


E1=12V 

R1=i2n 

F1°12W 


T  R3=4" 
P--36W 


ERIC 
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PARALLEL  TROUBLESHOOTING 


Frame  16 


In  order  to  be  able  to  troubleshoot  a  parallel  circuit  you  must 
know  what  readings  would  indicate  a  normal  circuit.     In  the  circuit 
shown  below,  we  have  the  negative  lead  of  the  voltmeter  connected 
to  ground.    The  positive  lead  was  left  free  so  it  could  be  moved 
from  one  test  point  to  another.    What  would  the  voltmeter  read  when 
connected  to  point  1?    If  you  said  24V,  you  are  correct.    Letfs  see 
why.    Trace  a  path  from  the  negative  terminal  of  the  battery  through 
the  voltmeter  and  back  to  the  positive  terminal  of  the  battery. 
The  only  resistance  in  this  path  is  the  voltmeter •  Applying 
Kirchhoff fs  voltage  law  to  this  path,  we  have  the  voltage  drop  across 
the  voltmeter  equal  to  24V.    Thus,  the  voltmeter  would  read  24V.  The 
voltmeter  connected  at  point  2  would  also  read  24V.    Since  a  circuit 
breaker  is  supposed  to  have  practically  0  ohms  of ' resistance,  the 
only  resistance  in  the  path  from  the  negative  terminal  of  the  battery 
through  the  voltmeter  and  circuit  breaker  and  back  to  the  positive 
terminal  of  the  battery  is  the  voltmeter.    Thus,  the  voltmeter  should 
read  24V  when  connected  to  point  2. 


What  should  the  voltmeter  read  when  connected  between  each  of 
these  points  and  ground.    Put  your  answer  on  the  appropriate  blank. 

1.      Point  3 


2.  Point  4 

3.  Point  5 
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Frame  17 


We  are  still  using  the  same  circuit  that  we  used  in  the  last 
frame*    Let's  connect  the  voltmeter  to  point  6.    Trace  a  path  from 
the  negative  terminal  of  the  battery  through  the  voltmeter  connected 
at  point  6,  the  switch,  the  circuit  breaker,  and  back  to  the  positive 
terminal  of  the  bat eery*    The  only  unit  of  resistance  in  this  path 
is  the  voltmeter.    Applying  Kirchhofffs  voltage  law,  we  see  that  the 
voltmeter  should  be  reading  24V.    The  voltmeter  connected  at  points 
7,  8,  and  9  should  also  read  24V.     If  you  don't  see  why,  trace  a 
complete  path  that  includes  the  voltmeter  and  apply  Kirchhoff's 
voltage  law. 


Check  the  true  statements. 

1.      In  the  circuit  above,  each  lamp  has  24 V  applied  to  it. 


2.  A  voltmeter  connected  from  point  3  to  ground  should  read 
24V. 

3.  A  voltmeter  connected  from  point  9  to  ground  should  read 
OV. 


ERLC 
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Frame  18 


We  are  still  using  the  same  cii  uit  that  we  used  in  the  last 
frame.    What  do  you  think  the  voltmeter  should  read  when  connected  to 
point  10?    If  you  said  0V,  you  are  correct,    Letfs  see  why.    The  wire 
between  point  10  and  ground  is  providing  a  zero  resistance  path  for 
the  current  to  bypass  the  ^.eter.     Thus,  all  the  current  goes  through 
the  wire*    With  no  current  flowing  through  the  meter,  we  have  no 
needle  deflection.    The  same  explanation  is  true  for  points  11  and  12, 


I 


What  should  i-lie  volvmeter  read  when  connected  between  each  of 
these  points  and  ground.    Put  your  answer  on  the  appropriate  blank. 


1. 
2 . 
3. 


Doint  2 
Point  9 


Point  11 


4. 
5. 
6. 


Point  8 
Point  5 


Point  12 


Answers  to  Frame  16:    1.  24V 


24V 


24V 
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Frame  19 


An  open  was  defined  as  an  incomplete  path  for  current  flow.  An 
open  in  a  series  circuit  stopped  all  current  flowing  in  the  circuit. 
However,  an  open  can  happen  in  certain  components  in  a  parallel  circuit 
and  there  can  still  be  current  flow  in  other  parts  of  the  circuit. 
Let's  see  how.    Assume  the  wire  between  points  6  and  9  became  open. 
When  thisf  happens,  lamp  L0  will  go  out,  but  lamps  L,  and  L0  will 

continue  burning.    The  reason  lamps       and       continue  burning  is  that 

there  is  still  a  complete  path  from  the  negative  terminal  of  the 
battery  through  lamps       and       and  back  to  the  positive  terminal 
of  the  battery. 


—  214V 

I 


Check  the  tF|ite  statements. 
1. 


If  the  wire  were  cut  between  points  5  and  6,  lamps  and 
would  continue  burning. 

2.      If  lamp       burned  out,  lamps       and       would  continue 
burning. 


Answers  to  Frame  17: 


/  1. 


/  2. 


3. 
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Frame  20 

In  the  circuit  below,  lamp       will  not  light.    Let's  see  what 

possible  components  could  cau3e  this  malfunction.    First  of  all,  it 
can't  be  anything  in  the  circuit  from  the  battery  to  point  5.  An 
open  in  this  portion  of  the  circuit  would  keep  all  three  lamps  from 
operating.    What  about  the  wire  between  points  5  and  6?    It  would 
keep  both  lamps  L2  and  L3  from  operating.    The  wires  between  points  6 

and  9  and  between  points  12  and  ground  will  only  affect  lamp  L^. 

Likewise,,  the  wires  between  points  5  and  7  and  between  10  and  ground 
will  affect  only  lamp  Ly    Thus,  the  only  possibilities  that  would 

keep  only  lamp  L2  from  operating  are  an  open  in  the  wires  between  6 

and  8,  an  open  lamp  L^,  or  an  open  in  the  wires  between  point  11  and 

ground.    Thus,  it  would  be  a  waste  of  time  and  effort  to  take  voltage 
readings  at  points  1,  2,  3,  4,  5,  7,  9,  10,  and  12  in  this  situation. 
Before  troubleshooting  a  circuit,  get  in  the  habit  of  analyzing  the 
situation  by  listing  all  possibly  faulty  components. 


For  each  of  the  following  situations,  list  all  possible  faulty 
components  that  could  cause  the  given  indications.  Assume  that  the 
battery  is  good. 


1.  L3  is  inoperative 

2.  LI  is  inoperative 


3.  Lamps  L2  and  L3  are  inoperative 

4.  All  lamps  are  inoperative   


Answers  to  Frame  18:    1.    24V         2.  24V 

5.    24V         6.  0V 


0V 


4.  24V 


9 
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frame  21 


Lei's  Lake  a  look  at  the  readings  in  a  circuit  that  has  an  open 
in  It.     In  the  circuit  below  all  lamps  are  inoperative.    We  have  given 
you  voltage  readings  at  various  points  in  the  circuit.     Since  all  lamps 
are  inoperative,  the  only  points  that  are  necessary  to  check  are  1,  2, 
3,  4,  and  5.    The  voltmeter  readings  at  points  1  and  2  indicate  that 
we  have  a  complete  path  for  current  up  to  point  2.    The  voltmeter 
should  also  be  reading  24V  at  point  3.     However,  the  needle  is  not 
deflecting  any  when  the  meter  is  connected  at  this  point.    This  indi- 
cates there  is  an  open  between  points  2  and  3. 


Check  the  true  statements. 

1.  A  voltmeter  connected  between  points  2  and  3  would  read  24V. 

2.  A  voltmeter  connected  between  points  1  and  2  would  read  24V. 
3. 


If  the  readings  at  points  1,  2,  and  3  had  all  been  24V  and 
the  reading  at  point  4  OV,  there  would  be  an  open  between 
points  4  and  5. 


Answers  to  Frame  19: 


✓  2. 
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Frame  22 


In  the  circuit  below  L-  is  inoperative.    Since  Lj  is 
operating,  there  must  be  voltage  at  point  6.    Thus  the  only 
readings  that  we  need  to  take  in  this  problem  are  at  points 
9  and  12.    The  voltmeter  connected  at  point  9  should  be 
reading  24V  which  would  indicate  that  there  is  a  complete 
path  up  to  point  9.    However,  the  voltmeter  connected  at  point 
9  is  reading  OV.    Thus,  there  is  an  open  between  points  6  and 
9. 


X 

i 


is  Inoperative. 
Check  the  true  statements. 

_1.      A  voltmeter  connected  between  point  6  and  point  9 
would  read  24V. 

_2.      A  difference  in  potential  of  24V  across  a  wire  in  the 
circuit  above  would  indicate  that  the  wire  was  open. 


Answers  to  Frame  20:    1.  Open  between  6  &  9,  9  &  12,  or  12  &  ground. 

2.  Open  between  5  &  7,  7  &  10,  or  10  &  ground. 

3.  Open  between  5  and  6. 

4.  Open  between  1  &  2,  2  &  3,  3  &  4,  or  4  &  5. 
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Frame  23 


In  the  circuit  below,  lamp  L3  is  again  inoperative.    The  only 

readings  that  we  need  to  take  are  at  points  9  and  12,    The  voltmeter 
reading  at  point  9  of  24V  indicates  that  there  is  a  complete  path 
up  to  point  9,    We  also  have  a  normal  reading  of  OV  at  point  12, 
Lamp  L3  has  24V  applied  to  it,  but  it  is  not  operating.    Thus,  L3 

must  be  open. 


Check  the  true  statements, 

1.  A  voltmeter  connected  around  lamp       would  read  24V, 

2.  A  voltmeter  connected  around  lamp       would  read  24V, 

3.  A  voltmeter  connected  around  an  open  unit  of  resistance 
in  a  parallel  circuit  will  read  the  same  as  when  it  is 
connected  around  a  good  unit  of  resistance. 


Answers  to  Frame  21:        /  1. 


I 


3^ 


?9'j 
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Frame  24 


Let'.s  lake  a  look  at  one  more  parallel  circuit  that  has  an  open 
In  it.     in  the  circuit  below,  lamp       is  inoperative.    Since  lamp 

is  operating,  we  must  have  a  complete  path  to  point  6.    Thus,  the  only 
readings  chat  we  need  to  take  are  at  points  8  and  11.    The  24V  reading 
at  point  8  indicates  that  the  path  is  complete  up  to  point  8.  What 
does  the  24V  at  point  11  indicate?    If  you  said  an  open  in  the  wire 
between  point  11  and  ground,  you  are  correct.    Let's  see  why.  The 
24V  reading  at  point  11  indicates  that  there  is  a  complete  path  up 
to  point  11.     Since  this  path  is  good  up  to  point  11,  the  open  must 
be  between  point  11  and  ground. 


Check  the  true  statements. 

1.  A  difference  in  potential  of  24V  between  points  6  and  8 
would  indicate  that  thsre  is  an  open  in  this  section  of 
wire. 

2.  A  voltmeter  connected  around  a  wire  should  read  OV. 


Answers  to  Frame  22:       ✓    1.       /  2. 


31 


Frame  25 


For  each  of  the  following  problems,  analyze  the  meter  readings 
and  the  statements  of  operation  of  the  circuits  to  determine  the 
faulty  component.    On  the  blank  provided  by  each  circuit,  list  the 
type  of  trouble  and  the  faulty  component.    The  first  one  has  been  done 
for  you. 


1.      (All  lamps  are  inoperative)  OPEN  Switch 


2.      (Lamp  L2  is  inoperative) 


3.      (Lamp  L2  is  inoperative) 
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Frame  25  (Cont'd) 


4.      (Lamps  L2  and  L3  are  inoperative) 


5.      (All  lamps  are  inoperative) 


Answers  to  Frame  23:       /    1.       _/    2.        /  3. 
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Frame  26 


An  open  can  also  be  located  with  an  ohmmeter.    Remember,  an 
ohrameter  has  its  own  source  of  power  and  should  never  be  used  in  a 
live  circuit.    Before  using  an  ohmmeter  for  troubleshooting 
parallel  circuits,  let's  see  what  readings  an  ohmmeter  would  indi- 
cate in  a  normal  circuit.    An  ohmmeter  connected  at  point  5  will  read 
3  ohms.    Do  you  see  why?    An  ohmmeter  connected  at  point  5  does  not 
only  read  the  resistance  of  L.,  but  will  read  the  net  effect  of 
three  9  ohm  lamps  connected  in  parallel.    Using  the  like  resistor 
formula,  R   -  R/N  -  9/3  -  3  ohms.    Since  the  lamps  are  in  parallel, 
the  ohmmeter  forces  current  through  each  of  the  parallel  legs.  If 
you  are  still  in  doubt,  trace  three  separate  complete  paths  from  one 
side  of  the  ohmmeter  to  the  other. 


X 

! 


Check  the  true  statements. 

1.  An  ohrameter  connected  from  point  7  to  ground  would  read  9 
ohms. 

2.  An  ohrameter  connected  from  point  9  to  ground  would  read  3 
ohms . 

3.  An  ohrameter  connected  from  point  5  to  ground  would  read 
the  total  resistance  in  the  circuit. 


Answers  to  Frame  24:        /   1.        /  2. 
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Frame  27 

Let's  look  at  the  readings  in  another  normal  parallel  circuit. 
Since  the  resistance  of  a  wire  is  practically  0  ohms,  an  ohmmeter 
connected  at  point  10  fhould  read  0  ohms.    The  same  is  true  for  points 
11  and  12.    An  ohmmeter  connected  at  points  4,  5,  6,  7,  8,  or  9  should 
read  the  total  resistance  in  the  circuit. 


2  3  U 


li 


What  should  the  ohmmeter  read  when  connected  between  each  of 
these  points  and  ground?    Put  your  answer  on  the  appropriate  blank. 


1. 
2. 
3. 


Point  9 
Point  10 
Point  12 


4. 
5. 
6. 


Point  7  _ 
Point  6 
Point  11 


Answers  to  Frame  25:    1.    Open  Switch         2.    Open  between  6  &  8 

3.    Open  L2         4.    Open  between  5  &  6 
5.    Open  circuit  breaker 
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Frame  28 


If  we  had  an  open  in  one  of  the  parallel  branches  as  shown  in  the 
circuit  below,  our  ohmmeter  readings  would  change.    An  ohmmeter  con- 
nected at  point  5  would  now  read  3  ohms.    Let's  find  out  why.  The 
ohmmeter  would  now  read  through  the  second  and  third  branch  only 
(6/2  =  3  ohms).     If  the  wire  between  points  6  and  8  had  been  open 
instead  of  between  points  5  and  7,  the  ohmmeter  would  still  read 
3  ohms  when  connected  to  point  5.    Now  it  is  reading  through  the  first 
and  third  branch  only.     For  ease  of  troubleshooting  at  this  point,  we 
will  modify  the  circuit.    We'll  discuss  this  in  the  next  frame. 


OPEN 


7* 


i' 

&l=6  ft 


8 


R£=6ft 


10 


11 


R3=6ft 
12 


Check  the  true  statements. 

1.      An- ohmmeter  reading  of  3  ohms  at  point  6  indicates  that 


2. 


3. 


is  open. 

An  ohmmeter  reading  of  3  ohms  at  point  9  indicates  that 
one  of  the  branches  is  open. 

If  the  circuit  was  normal,  an  ohmmeter  connected  at  point  6 
would  read  2  ohms. 


Answers  to  Frame  26: 


1. 


✓  2. 


/  3. 
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Frame  29 


In  order  to  locate  an  open  in  a  parallel  circuit  with  an  ohm- 


meter,  you  will  modify  the  circuit  by  disconnecting  each  of  the 
individual  branches.    This  has  been  done  in  the  circuit  below. 
Let's  assume  that  the  wire  is  broken  between  points  5  and  8  and  that 
the  break  cannot  be  spotted  visually.    Let's  determine  from  the  meter 
readings  which  component  is  open.    An  ohmmeter  reading  of  0  ohms  at 
point  11  indicates  that  the  ground  wire  is  good.    An  ohmmeter  reading 
of  6  ohms  at  point  8  indicates  that       is  good.     The  ohmmeter  reading 

of  infinity  (»)  at  point  5  indicates  that  the  wire  between  points  5 
and  8  has  an  open  in  it.    Remember  an  infinity  (°°)  reading  indicates 
that  no  current  is  flowing  through  the  meter  movement.     No  current 
flow  means  an  incomplete  path  for  current  flow  which  is  an  open. 


1.  An  infinity  reading  at  point  11  indicates  that  R^  is  open. 

2.  An  infinity  reading  at  point  12  indicates  that  the  ground 
wire  is  open. 


Answers  to  Frame  27:     1.     2  ohms         2.    0  ohms         3.     0  ohms 

4.     2  ohms         5.     2  ohms         6.    0  ohms 
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Frame  30 

Let's  take  a  look  at  another  parallel  circuit  with  an  open  in  it. 
We  have:  disconnected  the  branch  circuits  in  the  circuit  below.  The 
reading  of  0  ohms  at  point  1.   indicates  that  the  ground  wire  for 

is  $ood.    What  does  the  infinity  (<*)  reading  at  point  10  indicate? 
If  you  said       is  open,  you  are  correct.    The  reading  at  point  10 

should  be  the  resistance  of       which  is  12  ohms,    A^  infinity  reading 

at  point  10  indicates  that  there  is  not  a  complete  path  between  point 
10  and  ground.     Since  the  path  was  complete  up  to  point  13,  the 
open  must  be  between  points  10  and  13,    An  ohmraeter  at  point  7  is 
measuring  the  total  resistance  between  point  7  and  ground •  Since 
there  is  an  open  between  points  10  and  13,  an  ohmmeter  at  point  7 
will  also  indicate  «  . 


'»vW?  II  > 


Check  the  true  statements. 
1. 


An  ohmmeter  connected  between  points  6  and  ground  should 
read  12  ohms. 


2.      An  ohmmeter  reading  of  <*>  at  point  11  indicates  that 
Is  open. 


Answers  to  Frame  28: 


1.        /    2.        /  3. 
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In  the  cir  ait  below,  we  have  given  you 
several  points  in  the  circuit.  The  infinity 
indicates  that  the  wire  between  point  11  and 
the  ground  wire  is  open,  the  ohmmeter  neeale 
deflect  when  the  ohmmeter  is  connected  at  po 
Thus,  from  the  readings  given  you  canft  dete 
or  the  wire  between  points  5  and  8.  For 

determine  the  condition  of       you  would  have 

between  points  8  and  11.    From  this  reading 
condition  of  R^. 


Frame  31 

ohmmeter  readings  at 
reading  at  point  11 
ground  is  open.  Since 
will  not  be  able  to 
int  8  or  at  point  5. 
rmine  the  condition  of 
instance,  in  order  to 

to  connect  the  ohmmeter 

you  could  determine  the 


Check  the  true  statements. 


Ai:  ohmmeter  reading  of  00  between  points  9  and  12  indicates 
thai*       is  open. 

An  ohiuneter  reading  of  00  ohms  between  point  13  and  ground 
indicate*  that  the  ground  wire  is  open. 


Answers  to  Frame   29:  1.        /  2. 
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Frame  32 


At  times  you  may  find  it  impractical  or  inconvenient  to  isolate 
completely  che  parallel  branches  of  a  circuit  from  each  other.  With 
a  few  unmmster  readings  this  possible  disadvantage  may  be  overcome 
when  troubleshooting  opens.    Let's  look  at  the  circuit  below. 


1  2 


12  a 


81 

R3  I  20  a 
u 


As  we  saw  in  frame  45,  connecting  an  ohmmeter  across  the  parallel 
circuit  as  shown,  we  should  read  the  total  parallel  equivalent 
resistance.    In  this  circuit  the  meter  should  be  indicating  3  ohms 
because  the  parallel  branches  are  not  isolated  from  each  other.  The 
ohmmeter  is  indicating  a  total  equivalent  resistance  of  4  ohms  instead. 
What  could  be  the  malfunction?    What  is  happening  is  that  of  the  three 
normal  paths  that  our  ohmmeter  current  has  for  returning  to  its  power 
source  only  two  are  complete.    The  current  path  through       is  not 

complete.    We  can  prove  this  by  computing  the  equivalent  parallel 
resistance  of       and       which  is  4  oiuns  and  the  amount  of  resistance 

our  ohmmeter  is  reading. 


R^  must  be  open. 


Check  the  true  statements. 


If  the  meter  had  indicated  3.5  ohms,  the  open  would  have 
been  between  points  5  and  8,  8  and  11,  or  11  and  12. 

If  the  meter  were  connected  "o  points  6  and  11  and  indicated 
3  ohms,  the  trouble  would  be  an  open  Ky 


Answers  to  Frame  30: 


1. 


I. 


40 


Frame  33 


Analyze  the  meter  readings  in  each  of  the  following  circuits. 
On  lb*'  blank  provided  by  each  circuit,  list  the  type  of  trouble  and 
the  faulty  component.    The  first  one  has  been  done  for  you. 


1. 


OPEN  Rl 


2. 


I 


-^6  

— r7 

8\ 

V 

1 10 

Rl\ 

|  R2 

11© 

•  12 

X13 

3. 
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Frame  33  (Cont'd) 


Frame  34 


Analyze  tht  meter  readings  and  circuit  indications  in  each  of 
the  following  circuits.    On  the  blank  provided  by  each  circuit,  list 
the  type  of  trouble  and  the  faulty  component. 

1.      (Lamp  Ll  is  inoperative.)   


i4 


.2UV 


2.      (Lamp  L3  is  inoperative.) 


—  2UV 


I 


3.      (All  lamps  are  inoperative.) 


L3 


 6  7  

Ll  ^ 
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Frame  34  (Cont'd) 


44      Si  3 


7.       (Lamp  LI  is  inoperative.) 


Frame  34  (Contfd) 


8.       (Lamp  L3  is  inoperative.) 


t 


RjLg-ion  L3=5fl(jr 


8 

10 


(When  the  switch  is  ON,  the  ammeter  reads  10a.) 
2  3 


Have  the  instructor  check  your  answers. 

Instructor's  Initials 

Answers  to  Frame  32:       ✓  1. 
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Frame  35 


If  we  have  a  short  in  a  parallel  circuit,  we  will  probably  never 
get  a  fhance  to  troubleshoot  with  a  voltmeter.     Let's  see  why!  In 
the  circuit  below,  the  insulation  on  the  posi  ive  lead  to       became  worn 

off  and  the  bare  wire  touched  the  aircraft  frame.    A  direct  short 
results.    The  current  would  become  excessive  causing  the  fuse  to  blow. 
With  the  fuse  blown,  the  circuit  would  be  open.    With  no  power  in  the 
circuit,  you  could  not  use  the  voltmeter  to  troubleshoot.  However, 
by  making  a  few  circuit  modifications  we  can  use  an  ohmmeter. 


Check  the  true  statements. 

1.  The  fuse  would  also  have  blown  if       had  become  shorted. 

2.  We  could  use  a  voltmeter  to  find  the  faulty  component  in 
the  circuit  above. 


Answers  to  Frame  33:    1.     Open  2.    Open  between  5  and  8 

3.    Open  4.     Open  between  11  and  ground 

5.    Open  between  13  and  ground 
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Frame  36 


We  are  using  the  same  circuit  that  we  used  in  the  last  frame. 
An  ohmmeter  connected  at  point  1  would  read  0  ohms.    To  see  this 
trace  a  path  from  the  negative  cerminal  of  the  ohmmeter  through  the 
wire  that  is  connected  to  point  2  and  back  to  the  positive  terminal 
of  the  ohmmeter.     In  this  path,  there  are  only  conduccors  which  have 
practically  0  ohms  of  resistance.    Thus,  the  ohmmeter  would  read  0 
ohms.     The  ohmmeter  would  also  read  0  ohms  when  connected  at  point  2 
and  at  poinc  3.     Thus,  to  locate  the  trouble,  we  will  need  to  isolate 
the  circuit,  or  disconnect  the  units  at  points  1,  2,  and  3  and  then 
check  across  the  units. 


I 


i  4/  A  4 


Am 


V 


-  / 

/ 


Check  the  true  statements. 


If  the  circuit  above  was  functioning  normally,  the  total 
resistance  would  be  18  ohms. 


2.      An  ohmmeter  connected  between  points  2  and  3  would  read 
0  ohms. 
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Frame  37 


Let's  isolate  the  circuit  by  disconnecting  the  branch  circuits 
at  points  lt  2t  and  3.    On  the  aircraft  only  one  branch  circuit  is 
disconnected  at  a  time.     An  ohmmeter  at  point  1  <md  point  3  would 
read  t>  ohms.    This  Indicates  that  these  two  branches  are  koihI.  An 
ohmmeter  at  point  2  would  read  0  ohms.     This  indicates  that  there  Is 
a  short  from  point  2  to  ground. 


Now  we  need  to  determine  the  location  of  the  short.    To  do  this 
we  will  isolate  the  lamp.    This  is  shown  below.    An  ohmmeter  reading 
of  6  ohms  at  point  4  would  indicate  that  the  lamp  is  good.    A  0  ohm 
reading  at  point  2  would  indicate  that  the  wire  at  point  2  is  shorted 
to  ground. 


No  further  response  is  required;  proceed  to  the  next  frame. 


Answers  t^  Frame  35:       {_    1*   2. 
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Frame  38 

Now  let's  look  at  another  circuit  that  has  a  short  in  it.  The 
0  ohm  reading  at  point  7  indicates  that  the  ground  wire  is  good.  What 
does  the  0  ohm  reading  at  point  4  indicate?    If  you  said  a  short  in 
Rj*  you  are  correct.    The  reading  at  point  4  should  be  30  ohms.  Since 

the  ohmmeter  is  reading  0  ohms  at  point  4,  this  indicates  that  R  is 

being  bypassed  by  a  zero  resistance  path.     In  other  words,  R^^  is  shorted. 


Check  the  true  statements. 

1-.  An  ohmmeter  at  point  6  should  read  30  ohms. 
2.'     An  ohmmeter  at  point  9  should  read  30  ohms. 


_3.      An  ohmmeter  reading  of  0  ohms  at  point  5  indicates  that  ^ 
is  shorted. 


Answers  to  Frame  36: 


✓  2. 
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Frame  39 

Lee's  discuss  two  possible  shorts  in  the  circuit  below.  Assume 
L    became  shorted.    Would  lamps       and  L3  continue  burning?    If  you 

r*aid  no,  you  are  correct.     In  a  parallel  circuit,  the  total  resistance 
ih  always  smaller  in  value  than  the    resistance  of  any  of  the  branches. 
Since        is  shorted,  the  resistance  of  the  first  branch  is  practically 

0  ohms.    Thus,  Rt  is  practially  0  ohms  and  as  a  result  the  current 

would  immediately  become  excessive  causing  the  circuit  breaker  to 
pop.    When  the  circuit  breaker  pops,  all  the  lamps  would  go  out. 
Now  let's  assume  the  lamps  cannot  be  turned  off.    What  co'ild  cause 
this  indication?    The  only  possibility  would  be  a  short  between  points 
3  and  4.    Therefore,  even  with  the  switch  turned  off,  there  is  a  complete 
path  for  the  current  flow  through  the  circuit.     Thus,  the  lamps  burn 
when  the  switch  is  in  the  "OFF"  position. 


Check  the  true  statements. 

1.  If  L2  became  shorted,  lamps  1^  and  L3  would  continue  burning. 

2.  All  lamps  should  be  lit  when  the  switch  is  closed. 
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Frame  40 


Analyze  the  meter  readings  in  each  of  the  following  circuits. 
On  the  blank  provided  by  each  circuit  list  the  type  of  trouble 
and  the  faulty  component. 

1. 


2. 


13 


3. 


12  (^L3 
'r13 


Answers  to  Frame  38:        /  1. 


2.        /  3. 
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Frame  41 

Using  the  circuit  below,  analyze  the  meter  readings  in  each  of 
the  following  problems.  On  the  blank  provided  by  each  problem  list 
the  type  of  trouble  and  the  faulty  component. 


1.      All  lamps  are  inoperative.    A  voltmeter  connected  from  point 
2  to  ground  reads  24V,  3  to  ground  OV,  and  4  to  ground  OV. 


2.      Lamp  L3  is  inoperative.    A  voltmeter  connected  from  point  10 
to  ground  reads  24V  and  14  to  ground  OV. 


3.      Lamps         L3>  and       are  inoperative.    A  voltmeter  connected 
from  point  6  to  graund  reads  OV. 


4.      Lamp  L,  is  inoperative.    A  voltmeter  connected  from  point  11 
4 

to  ground  reads  24V  and  15  to  ground  reads  24V. 


5.      Lamps  cannot  be  turned  off. 


6.      Lamp  L2  is  inoperative.    A  voltmeter  connected  from  point  9 
to  ground  reads  OV. 


Answers  to  Frame  39: 


✓  2. 


821 

52 


Frame  42 


Analyze  the  ohmmeter  readings  in  ^ach  of  the  following  circuits. 
On  the  bl«£uk  provided  by  each  circuit,  list  the  type  of  r.rcvMc  and  the 
faulty  component.    We  are  not  showing  the  circuit  breaker  open  even 
though  there  might  be  a  short  in  the  circuit, 

1. 
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Frame  42  (Cont'd) 


BASIC  ENVIRONMENTAL  SYSTEM  TROUBLESHOOTING 

Since  all  r-ircuits  are  either  series,  parallel,  or  a  combination 
of  the  two,  it  is  important  that  you  have  a  good  understanding  of  them. 
By  this  time,  you  should  be  well  equipped  ia  this  area.    You  should  now 
be  ready  to  apply  some  of  this  knowledge  to  help  solve  some  basic  problems 
in  an  environmetnal  system. 

Frame  43 

The  environmental  systems  mechanic  needs  more  than  just  a  toolkit 
to  fix  a  nulfunction.    The  most  important  thing  in  repair  work  is  knowing 
what  to  repair.    There  are  many  aids  in  troubleshooting  that  take  the 
guesswork  out  of  the  job.    It  costs  time  and  money  to  change  a  part  just 
to  see  if  that  will  fix  your  problem. 

Some  common  aids  which  every  mechanic  should  learn  to  depend  on 

are: 

Tech  Orders  -  These  books  tell  you  how  the  system  should  work. 

Multimeters  -  These  are  one  c.f  the  most  useful  tools  in  trouble- 
shooting.   The  multimeter,      en  used  correctly,  will  tell  you  if 
you  are  getting  proper  voltage  to  a  unit  and  it  can  be  used  to 
detect  open  and  shorted  circuits. 

Wiring  Diagrams  -  While  xn  school  you  wi  1  see  many  wiring  diagrams. 
Tney  break  the  system  down  and  show  you  the  path  of  current  flow 
through  the  circuits.    Use  these  like  you  would  a  road  map  to  go 
across  an  unfamiliar  city. 

Working  Schematics  -  Just  as  a  machinist  needs  a  blueprint  to  build 
a  part,  you  need  a  schematic  or  working  drawing  of  a  system  to  see  how 
it  works. 

Pressure  Gauges  -  Tell  you  a  lot  about  system  workings  and  will  some- 
times put  you  on  the  correct  trail  to  locate  the  malfunction. 

Temp  Gauges  -  These  are  used  by  the  flight  crew  to  decide  whether  to 
shut  the  system  down  or  keep  on  flying. 

Complete  the  following: 

,  serve  as  a  blueprint  when  trying 

to  figure  how  a  system  works. 

2-      A    is  a  measuring  tool  used  to  check  proper  voltage 

and  detect  open  and  shorts. 

,  are  drawings  that  show  current 

paths  through  a  circuit. 

 are  books  that  contain  step-by- 
step  procedure*  telling  how  a  system  should  work. 

Answers  to  Frame  41:    1.    Open  2-3         2.    Open  L3         3.    Open  5-6 

4.    Open  15-ground         5.     Short  switch 
6.    Open  6-9 
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Frame  44 


One  of  the  first  things  you  need  to  know  (ask  yourself)  about 
troubleshooting  is  whether  a  problem  actually  exists.    Ydu  must  be 
familiar  with  the  operation  of  a  system  to  know  what  should  work  and 
when.    By  performing  an  operational  check  on  the  system  you  can  see 
which  part  of  the  system  is  working  and  the  parts  that  aren't. 
Sometimes  the  only  problem  is  that  the  switch  is  not  turned  on.  You 
should  also  check  for  the  switch  being  in  the  proper  position.  Check 
all  circuit  breakers    nd  fuses  to  see  if  an  overload  has  occurred. 
The  increased  current  flow  from  an  overload  (short)  will  blow  the 
fuse  or  pop  the  circuit  breaker. 

Complete  the  following: 


1 .  Use 


checks  to  determine  if  a  system  is 


working  properly. 


2. 

to  pop. 


A 


causes  fuses  to  blow  and  circuit  breakers 


Answers  to  Frame  42: 


1.    Open  LI 
4.    Open  6-9 


2. 
5. 


Short  LI 
Short  L3 


3.     Open  7-10 
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Frame  45 

In  troubleshooting  you  will  learn  to  recognize  certain  symptoms 
as  being  associated  with  specific  components  or  system  malf unc lions . 
Herefs  an  example:    If  the  pilot  places  a  demand  for  full  cold  air 
from  the  aircraft  air  conditioning  system  and  receives  full  hot  air, 
you  know  you  have  a  system  malfunction.    Now  you  must  use  your  past 
experience,  job  knowledge  and  technical  data  to  solve  this  problem. 

Let's  look  at  some  of  the  common  problems  associated  with  this 
malfunction: 

1.  The  temperature  control  valve  will  not  run  to  either  the  hot 
or  cold  position.    Always  look  for  the  obvious  first.    Ask  yourself 
these  questions:    Are  the  control  switches  for  the  system  in  the  proper 
position?    Has  a  circuit  breaker  been  popped  or  pulled?    This  kind  of 
logical  thinking  will  save  you  many  hours  out  on  the  flight  line. 

2.  The  temperature  control  valve  will  only  run  in  one  direction 
(HOT).    The  logical  conclusion  is  that  power  has  been  interrupted  to 
the  cold  side  of  the  valve.    Your  first  step  would  be  to  check  the 
continuity  of  the  cold  circuit. 

3.  The  temperature  control  valve  mns  backwards.    This  is  more 
than  likely  a  wiring  problem.    Using  you.  multimeter,  you  would  check 

to  make  sure  that  there  are  no  crossed  wires  at  either  the  valve  control 
switch  or  th<  valve  itself. 

4.  Many  times  you  have  a  system  that  is  operating  properly  in  the 
manual  mode  of  operation  yet  is  malfunctioning  in  the  automatic  mode. 

In  such  cases  a  good  wiring  diagram  and  common  sense  will  help  you  solve 
this  problem.     If  the  malfunction  is  in  automatic  only,  you  will  naturally 
check  only  those  circuits  associated  with  automatic  operation. 

Check  the  true  statements: 

 1.      If  a  system  does  not  run,  first  check  switches,  fuses  and 

circuit  breakers. 

 2.      If  the  temperature  control  valve  works  only  in  the  hot  direction, 

it  is  necessary  to  first  check  the  hot  circuits. 

 3.      To  troubleshoot  a  temperature  control  valve  that  operates  back- 
wards, check  the  wiring  with  a  multimeter. 

SUMhARY 

When  troubleshooting,  you  will  find  that  there  is  always  a  logical 
sequence  to  take  when  trying  to  solve  a  problem.    By  the  process  of 
elimination,  common  sense,  and  sound  system  knowledge  you  will  be  able  to 
solve  the  most,  complicated  problems  you  encounter. 

Answers  to  Frame  43:     1.    Working  schematics         2.  Multimeter 

3.    Wiring  diagrams         4.    Tech  orders 

Answers  to  frame  44:    1.    operational         2.  short 

Answers  to  Frame  45*.''      /   !•   2.        /  3. 
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PARALLEL  CIRCUITS  PERFORMANCE 

OBJECTIVES 

Using  a  DC  Fundamentals  trainer,  construct  a  parallel  circuit 
and  measure  electrical  values  with  one  instructor  assist  allowed  for 
each  task  area. 

EQUIPMENT 

Basis  of  Issue 
Trainer  P/N  521685  DC  Fundamentals  i/student 
Multimeter  1/student 


SAFETY 


Caution:    Remove  watches,  rings,  bracelets,  etc.,  before 
starting  any  work  on  equipment.    It  is  also  good  safety  practice 
to  work  on  the  equipment  with  one  hand.    This  practice  reduces 
the  chances  of  receiving  an  electrical  shock  to  some  vital  body 
organ  when  working  with  electricity.    Also  remember  that  light 
bulbs,  resistors,  etc.,  do  get  hot  and  could  burn  the  skin. 

PROCEDURE 

Pay  close  attention  to  all  direjtions  that  you  are  given  in 
the  workbook.     When  performing  in  the  workbook,  such  as  answering 
questions  or  recording  electrical  measurements,  if  your  response 
Is  incorrect,  restudy  the  information  with  instructor  assistance 
as  needed.    Do  not  hesitate  to  ask  the  instructor  questions.  You 
will  be  required  to  accomplish  several  exercises  and  have  some  of 
them  checked  by  your  instructor  before  you  move  to  the  next 
exercise.    You  will  also  find  that  many  9f  the  exercises  have  the 
correct  answers  on  page  7  .    After  you  hava  completed  all  the 
exercises  you  will  satisfactorily  complete  the  progress  check 
assigned  by  your  instructor.    Pages  12  through  16  may  be  removed 
for  your  convenience. 

When  you  leave  your  trainer  for  scheduled  or  unscheduled  breaks 
complete  *he  following  checklist  before  you  go.  ' 

1        Insure  the  SPST  switch  is  turned  off  in  the  circuit. 

2.      Insure  the  28V  DC  bus  bar  has  all  the  electrical  leads 
removed  from  it. 


Supersedes  3ABR42331-WB-111A,  17  August  1977. 
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3.  Insure  the  negative  (black)  bus  bar  has  all  the  electrical 
leads  removed  from  it. 

4.  Insure  the  multimeter  is  properly  stored  during  this  period. 

a.  Insure  the  controls  are  properly  set  for  storage, 

b.  Leave  the  test  leads  attached  to  the  meter. 

c.  Wrap  the  meter  leads  around  the  instrument. 

d.  Place  the  meter  on  the  locker  shelf, 

5.  When  you  return  from  break,  take  the  same  meter  and  go 
back  to  work. 

Exercise  1,    TRAINER  PREPARATION 

1.  The  metal  plate  on  the  right  side  of  the  trainer  may  be 
raised  for  your  workbook  to  lay  on. 

2.  Sign  out  a  multimeter.    See  the  lab  instructor  if 
assistance  is  needed* 

3.  Insure  that  the  instructor  has  connected  power  to  the 
trainer.    You  will  do  this  by  measuring  the  power  with  the  multi- 
meter at  the  positive  (red)  and  negative  (black)  bus  bars.  These 
bus  bars  are  located  in  the  lower  right  and  left  hand  corners  of 
the  trainer.    If  you  don't  read  a  voltage  of  24  ±  4V  DC,  see  your 
instructor. 

4.  Insure  that  fuse  wire  is  across  the  fuee  holders  of  each 
of  the  three  (3)  ammeters  on  the  trainer.    This  will  protect  the 
ammeter's  internal  circuit  from  an  overload.    If  the  fuse  wire  is 
burned  in  two  or  is  missing,  see  your  instructor  for  assistance. 

5.  Pull  the  circuit  breaker  out  (open)  and  turn  OFF  (open) 
two  (2)  single  pole  single  throw  (SPST)  switches. 

6.  Insure  all  leads  in  the  drawer  are  in  good  condition 
vith  a  plug  at  both  ends.  If  you  find  any  damaged  leads,  give 
them  to  the  instructor. 

7.  Examine  the  electrical  lead  ends,  and  note  how  you  may 
connect  them  together  if  one  lead  is  too  short.    See  your  instructor 
for  assistance  if  needed. 

Exercise  2 

Note;    In  this  exercise  you  are  required  to  build  a  parallel 
circuit  with  two  (2)  loads  which  will  be  light  bulbs,  both 
sharing  one  common  ground  wire.    Follow  the  steps  given 
following* 
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1.  Using  the  electrical  leads  from  the  drawer,  construct  the 
circuit  shown  in  figures  1  through  3,  consisting  of  a  circuit  breaker, 
SPST  switch,  and  two  light  bulbs. 

Note:    If  an  electrical  lead  to  too  short  you  may  connect  leads 
together  to  prevent  stretching  or  breaking  them. 

2.  Before  applying  power  to  your  circuit,  be  sure  you  have 
one  path  for  cur  ent  flow  from  the  negative  bus  bar  to  the  lights. 
Tracing  from  negative  to  positive,  electrons  first  go  to  the  common 
side  of  both  lamps  and  from  there  they  can  go  two  different  paths. 
One  is  through  the  first  lamp  and  the  other  is  through  the  second 
lamp.    The  electrons  (current)  will  rejoin  again  at  the  common 
positive  side  of  the  light  that  is  closest  to  the  SPST  switch, 

and  follow  one  path  to  the  positive  bus  bar.    (You  have  formed  a 
parallel  circuit  at  the  lights.) 

STOP  and  have  your  instructor  check  your  work  at  this  time. 

3.  After  the  instructor  has  checked  the  circuit  and  with 
the  instructor  present,  do  the  following: 

a.  Push  the  circuit  breaker. 

b.  Turn  the  single  pole  single  throw  (SPST)  switch  ON. 
The  lamps  should  now  light.    If  the  lamps  do  not  light,  turn  OFF 
ths  SPST  switch  and  ask  the  instructor  for  assistance. 

c.  If  the  lamps  light  and  everything  appears  OK, 
turn  the  SPST  switch  OFF. 

STOP  and  have  your  instructor  initial  here  before  you  proceed. 


Exercise  3 

1.     Measuring  and  proving  current  flow  is  the  sum  in  a 
parallel  circuit. 

a.  You  will  use  all  • hree  (3)  ammeters  on  the  trainer  to 
prove  current  is  the  sum  of  all  the  currents  in  a  parallel  circuit. 
Refer  to  figure  3  for  the  circuit  construction.    As  you  can  see, 
this  is  the  same  circuit  you  have  previously  done.    Refer  to  figure  4 
for  the  ammeter  hookup. 

b.  Using  figure  4  in  the  exercise,  you  should  have  done 
the  following  in  hooking  up  the  ammeter. 

(1)    Connect  an  ammeter  between  checkpoints  2  and 
4  remembering  the  polarity  of  the  +  and  -  of  the  ammeter  to  the 
circuit  ,    The  positive  lead  of  Che  ammeter  will  go  to  the  most 
positive  point  and  the  negative  ammeter  lead  will  go  to  the  most 
negative  point. 
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(2)    Connect  an  ammeter  between  points  3-5. 


(3)  Connect  an  ammeter  between  points  7-8. 

(4)  Insure  the  polarities  on  all  three  meters  are 

correct . 

(5)  Turn  on,  the  power  and  record  the  ammeter  readings 
in  figure  4.    If  you  do  not  get  a  reading  on  the  ammeter  and/or  the 
circuit  breaker  pops,  or  the  fuse  wire  burns  in  two,  turn  OFF  the 
power.    Do  not  touch  the  circuit  wiring  and  see  your  instructor.  Do 
not  leave  or  turn  the  switch  back  on  if  you  didn't  get  a  reading 

the  first  time.    This  could  prevent  internal  damage  to  the  meter. 

(6)  Check  your  readings  you  have  recorded  from 
figure  4  and  if  they  were  correct,  move  on  to  the  set  of  questions. 
If  your  readings  were  wrong,  check  with  your  instructor  before 
going  on. 

Answer  the  following  questions  using  the  information  given 
so  far  in  this  workbook. 

1.  A  parallel  circuit  provides  at  least  paths  of 

current  flow  in  the  circuit. 

2.  Total  current  flow  in  a  parallel  circuit  is  tb'j   . 

3.  An  ammeter  is  hooked  in   with  the  rest  of  the 

circuit. 

See  page  7   foi*  answers. 

If  your  answers  to  the  last  set  of  questions  are  cor  ect, 
proceed  on.    Turn  off  the  power  to  the  circuit  and  put  all  the  leads 
in  the  drawer  if  you  fully  understand  the  exercise.    If  any  questions 
arise,  be  sure  to  ask  the  instructor  for  assistance. 

Note:    In  the  pi  vious  exercise  you  proved  that  total  current 
in  a  parallel  circuit  is  the  sum  of  all  the  currents  in  the 
circuit.    Also  that  current  in  a  parallel  circuit  must  have 
two  or  more  paths  to  follow. 

Exercise  4 

1.     Measuring  and  proving  that  an  increase  in  the  number  of 
paths  of  current  flow  will  Increase  the  total  current  in  the  whole 
circuit. 

a.  Using  figure  5  and  three  lights  in  parallel,  construct 
and  measure  the  current  in  a  three  load  circuit. 

b.  Hook  up  the  circuit  in  figure  5.    Notice  that  the 
circuit  is  just  about  the  same  as  figure  4,  but  you  have  connected 
in  one  more  light  and  are  now  using  only  two  ammeters. 
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(1)  By  hooking  the  ammeter  between  the  circuit 
breaker  and  the  switch,  you  are  measuring  the  total  circuit  current. 
Also  the  second  ammeter  indicates  the  amperage  in  one  light  bulb 
which  would  be  approximately  the  same  for  all  the  light  bulbs. 

(2)  If  you  compare  the  two  light  bulb  circuit  in  the 
previous  exercise  the  total  reading  in  this  exercise,  you  can 
see  that  by  adding  one  more  path  of  current  flow  (3rd  light)  the 
total  current  will  increase 

(3)  Record  the  amperage  readings  on  figure  5,  and 
check  your  answers.    Then  proceea  on  to  answer  the  following 
questions. 

Note:    If  you  have  any  questions  up  to  this  point,  please  ask 
your  instructor. 

Answer  the  following  questions  using  the  information  given 
so  far  in  this  workbook. 

1.      The  current  in  a  parallel  circuit  is  the  same/sum 


2.  Adding  more  paths  in  a  circuit  will  increase /decrease  the 
total  circuit  current.  

3.  An  ammeter  is  hooked  in  parallel/series  with  the  circuit 
being  measured.   

See  page  7    for  answers. 

If  you  have  any  questions,  please  ask  your  instructor  at  this 

time. 

Take  apart  the  circuit  and  proceed  to  the  next  exercise. 

Exercise  5 

1.      Meap^xng  and  proving  voltage  is  the  fcame  in  a  parallel 
circuit. 

a.  Using  figure  6  as  a  guide,  construct  the  circuit 
indicated  on  the  trainer  and  take  the  voltmeter  readings  at  the 
points  indicated. 

b.  Record  your  findings  of  the  exercise  and  check  your 
answers  on  page    7  .    If  you  are  having  trouble  connecting  the  circuit 
ask  your  instructor  for  assistance.    After  you  have  connected  the 
voltmeter,  take  the  readings  at  the  indicated  checkpoints  and 

record  your  answers  on  figure  6.  If  you  reCeive  the  correct  readings, 
take  the  circuit  apart,  and  proceed  to  the  prop^ss  check,  page    8  . 
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ANSWER  SHEET 

Exercise  3  Figure  4 

1.  two  or  more  2-4  1.3  ±  .5  amps 
2«  aum  3-5  1.3  ±  .5  amps 
3-    8eries                               7-8  2.5  ±  .8  amps 

Exercise  4  Figure  5 

1*    sum                                   4  -  6  1.3  ±  .5  amps 

2.  increase                            9  -  10  4.2  ±  .3  amps 

3.  series 

Exercise  5  Figure  6 

1  -  2  24  ±  4V  DC 

3  -  4  24  ±  4V  DC 
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PROGRESS  CHECK  INSTRUCTIONS 


This  progress  check  will  require  you  to  correctly  construct  a 
parallel  circuit  and  measure  electrical  values  with  one  instructor 
assist  allowed  for  each  task  area.    Instructor  assist  for  each  task, 
area  is  defined  as  an  aid,  such  a?  technical  direction  or  explanation, 
given  a  student  who  can  proceed  no  further  on  his/her  own*  The 
instructor  will  initial  your  work  after  you  have  satisfactorily 
completed  each  task  of  the  progress  check.    If  you  do  not  pass  the 
progress  check  you  will  follow  the  instructions  given  by  the 
instructor. 

You  will  not  copnunicate  (talk,  etc.)  with  other  students 
during  the  progress  check  without  your  lab  instructor's  permission. 

You  will  not  use  fellow  students'  work  to  solve  the  problems 
in  this  progress  check. 

You  must  satisfactorily  complete  this  progress  check  before 
further  progression  to  other  lab  progress  checks. 

Have  your  instructor  select  and  initial  on  pages  9   or  10 
the  parallel  circuit  progress  check  you  are  to  draw  on  figure  7. 
Using  a  lead  pencil  only,  draw  in  the  parallel  circuit  leads 
between  the  various  symbols.    Later  you  will  construct  this  circuit 
on  the  trainer.    After  you  have  satisfactorily  c  .pleted  the 
progress  check,  you  will  follow  the  instructions  on  page  11 . 
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Instructor's  Initials*    Assigned  progress  check  #1. 


Complete  each  t^sk  listed  below.    Do  not  go  on  until  the  instructor 
has  initialed  your  work  for  that  task. 

Task  1       Draw  the  circuit  for  a  10  ohm  resistor  in  parallel  with  a 

light,  with  a  circuit  breaker  and  a  SPST  switch  on  figure  7. 

  Instructor' 8  Initials  Task  Initials 


Task  2       Construct  the  parallel  circuit  drawn  on  figure  7  on  the 

trainer  and  complete  an  operational  check  for  the  instructor. 

  Instructor's  Initials  Task  Initials   


Task  3       Measure  and  record  the  electrical  values  required  below. 

rhe  total  current  flow  .  (amps) 

The  voltage  across  the  resistor   •  (volts) 

The  voltige  across  the  light  .  >olts) 

Task  Initials   

  Instructor's  Initials 

Turn  to  page  11  for  further  instructions. 

Note:    If  the  instructor  provides  an  instructor  assist  for  a 
task,  the  instructor  will  initial  behind  the  tadk  initials 
(see  objectives). 
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    Instructor's  Initials.    Assigned  progress  check  #2. 

After  completion  of  each  task  listed  below,  do  not  progress 
until  the  instructor  has  initialed  your  work  for  that  task. 

Task  1      Draw  the  parallel  circuit  <!or  two  10  chm  and  one  500  ohm 
resistors.    The  circuit  must  also  contain  a  SPST  switch 
and  a  circuit  breaker.    Make  your  drawing  on  figure  7. 

  Instructor's  Initials.  Task  Initials 


Task  2       Construct  the  part,   <*1  circuit  drawn  on  figure  7  on  the 

trainer  and  complete  an  operational  check  for  the  instructor, 

  Instructor's  Initials.  Task  Initials 


Task  3       Measure  and  record  the  electrical  values  required  below. 

The  total  current  f lev  amps . 

The  voltage  across  left  resistor   volts. 

The  voltage  across  right  resistor   volts. 

The  voltage  across  500  ohm  resistor   volts. 

The  total  voltage  volts . 

Task  Initials  . 

  Instructor's  Initials 

Turn  to  page  H  for  further  instructions. 

Note:    If  the  instructor  provides  an  instructor  assist  for  a 
task,  the  instructor  will  initial  behind  the  task  initials 
(see  objectives) . 
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After  you  have  satisfactorily  completed  the  progress  check  you 
will  do  the  following: 

1.  Put  all  the  good  leads  in  the  drawer  of  the  trainer. 

2.  Give  the  broken  leads  to  the  lab  instructor  with  the  parts, 

3.  Place  the  work  t  J>le  in  the  down  position  on  the  trainer. 

4.  Return  the  multimeter  to  its  storage  cabinet.    Be  sure 
the  controls  on  the  meter  are  set  correctly  for  storage. 

5.  You  will  turn  in  your  work  to  the  lab  instructor  before 
you  leave  the  lab  area. 

Note:    You  may  review  any  part  or  all  of  this  workbook  if 
you  wish,  but  your  work  will  not  leave  the  lab  area  without 
the  lab  instructor's  permission. 
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K-\erclse  2,  Figures  1  through  3. 


BED 


o 
o 

o 
o 

BLACK 


Figure  1. 


RED 


Figure  2. 


O 
O 


slack 


n  o  t  e  : 


Kirst  li^ht  ground  (negative  side  of  load) 

Second  light  ground  (negative  side  of  .he  load)) 
and  common  ground  for  BOTH  lights.  j 
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Figure  4. 


CHECKPOINTS 

2  -  A 

3  -  5 
7  -  8 


AMPERACE  READINGS 


amps 
amps 

amps  (TOTAL) 
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Exercise  4 


Figure  5. 

<™^OJNTS  AMPERAGE  READINGS 

4-6 

.   amps 

9-10 


amps 
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BUCK 


Figure  6. 


CHECKPOINTS 
1-2 
3-4 


VOLTAGE  READINGS 

  volts 

volts 
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Parallel  Circuit  Troubleshooting 


This  handout  is  to  be  used  with  the  Parallel  Circuit  programmed  text.    It  will 
dhow  you  how  to  prepare  and  use  a  Power  bench  and  a  Parallel  Circuit  board  to 
Croubleshoot  parallel  circuits.    Follow  the  instructions  carefully  and  ask  the 
inatructor  for  assistance  if  you  have  difficulty. 


BART  1 

As  you  complete  each  of  the  following  steps  place  a  check  on  the  blank  by 
the  number  on  that  step. 

  1.    Insure  that  the  powerbench's  switches  are  in  the  following  positions: 

TRAINER  POWER  OFF 

28  VDC  POWER  OFF 

295  VAC  POWER  OFF 

DC  RANGE  24v 

  2.    Insure  that  the  four  circuit  switches  on  top  of  the  Parallel  Circuit 

board  are  in  the  'OFF1  position  and  that  all  troubleswitches  on  the 
back  of  the  circuit  board  are  in  the  'OUT1  position  (down). 

  3.    Connect  a  DC  power  cord  between  the  circuit  board  and  the  DC  outlet 

on  the  power bench. 

t        4.    Observina  Proper  Polarity,  connect  three  milliaameters  to  the  pointe 
indicated  on  Circuit  3  (most  positive  on  circuit  to  red  on  meter). 

^          5.    Place  the  powerbench's  trainer  power  and  28  VDC  power  switches  in  the 

'ON1  position. 

t         6.    Turn  on  Circuit  3.    The  three  milliammeters  should  read  from  4  to  13 
ma.    Write  in  the  readings  in  the  blanks  below. 

Meter 

1   

2   

3   

Total 

rf   7.    Place  Troubleswitch  2  (Circuit  3)  in  the  'IN1  position.  The 

milliameter  on  the  leg  containing  Resistor  3  should  read  zero. 

Remember ,  this  is  a  parallel  circuit.    It  has  more  than  one  co*  ,  iete 
path  to  follow.    Since  the  paths  with  Resistors  1  and  2  still  show 
current  flow  they,  along  with  the  ground  wire  and  the  wire  between 
teat  points  1  and  4,  must  be  good.    Threefore,  the  open  must  be 
between  TP-4  and  TP-15,  or  TP-15  and  T  -16,  or  TP-16  and  TP-17. 
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8.  Prepare  the  multimeter  to  read  a  maximum  of  24  VDC. 

9.  Take  voltage  readings  at  each  of  the  test  points  indicated  in  the 
following  circuit  using  TP-18  as  ground.  Fill  in  the  meter  readi 
as  required. 


readings 


Check  your  answers  at  the  end  of  this  handout. 

From  the  readings  you  can  see  that  there  is  a  complete  path 
from  TP-1  up  to  TP-16.    Since  there  is  zero  voltage  at  Tp-17 
the  open  must  be  between  TP- 16  and  TP-17. 

Place  Troubleswitch  2  (Circuit  3)  in  the  'OUT'  position  and  turn 
Circuit  J  off. 

Disconnect  the  milliammeters  from  Circuit  3. 

Connect  single  jumper  leads  between  TP-4  and  TP-5    TP-7  and 
TP-8,  and  TP-11  and  TP-12  on  Circuit  4. 

Turn  Circuit  4  on.    All  three  lights  should  come  on. 
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15.    Place  Troubleswitch  3  (Circuit  4)  in  tha  'IN'  position.    Light  1  goes 
out  but  Lights  2  and  3  stay  on.  Why? 

Aa  before,  aince  parallel  circuit*  have  mere  than  one  path  for  current 
to  follow,  if  one  path  is  broken  the  others  are  not  affected.  Since 
only  Light  1  went  out  the  open  must  be  between  TP-6  and  TP-9  or 
TP-9  and  TRIO,  or  TP- 10  and  TP-17. 


16. 


Take  voltage  readings  at  each  of  the  test  points  indicated  in  the 
following  figure  using  TP-18  as  ground.    Pill  in  the  meter  readings 
as  required. 


1 


17.    Check  your  answers  at  the  end  of  this  handout. 

From  your  readings  you  can  see  that  there  is  a  complete  path  between 
TP- J  and  TP-10.    Since  there  is  no  voltage  at  TP-17  the  open  must 
be  between  TP-10  and  TP-17.    No  current  will  flow  through  Light  1 
as  a  result  of  the  open. 


18. 


19. 


Place  Troubleswitch  3  (Circuit  4)  in  the  'OUT'  position.  All  lights 
should  be  lit. 

Place  Troubleswitch  5  (circuit  4)  in  the  'IN*  position.    This  time 
only  Light  3  goes  out. 

Again,  since  only  Light  3  is  affected,  the  open  must  be  between 
TP-6  and  TP-15,  or  TP- 15  and  TP-16,  or  TP- 16  and  TP-17. 
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20.  Take  voltage  readings  at  each  of  the  test  points  indicated  below, 

TP  Reading 
6   

15   

16   

17   

The  readings  show  a  complete  path  between  TP-1  and  TP-6,  Since  there 
is  no  voltage  at  TP-15  the  open  must  be  between  TP-6  and  TP-15. 

21.  Place  Troubleswitch  5  (Circuit  4)  in  the  'OUT'  position.    All  lights 
should  be  lit. 

22.  Place  Troubleswitch  6  (Circuit  4)  in  the  'IN'  position. 

What  happened?  _  

What  are  the  possibilities?  

What  do  your  readings  show? 

23.  Check  your  answers  at  the  end  of  this  handout. 

24.  Place  Troubleswitch  6  (Circuit  4)  in  the  'OUT1  position  and  turn 
Circuit  4  off. 

25.  Remove  the  jumper  leads  from  Circuit  4. 

26.  Turn  the  TRAINER  POWER  AND  28  VDC  POWER  switches  off. 

Continue  with  Frame  25  of  th#  text 


II llll III  III  I II I  III  III  III  I II llll III  I II I llllll III  I  III  III  III  fill  I llll II  III  I 
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PART  2 


Wheu  ufting  an  ohmneter  on  a  parallel  circuit  you  must  keep  in  mind 
that  when  the  meter  is  connected  across  any  two  or  more  parallel 
paths,  'the  currant  that  leaves  the  meter 'a  black  lead  will  f  ollow 
all  of  the  poaaibla  paths  to  the  ne tar's  red  lead.    This  will  result 
in  a  'total'  resistance  reading  of  the  parallel  paths,    this  is  okay 
if  it  ia  what  you  want.    But  what  if  you  only  want  to  know  how  much 
resistance  there  is  on  one  specific  path?    The  answer  is  simple. 
You  oust  'ISOLATE'  the?  path  from  the  others  by  disconnecting  it 
on  one  end.    By  doing  this  the  currant  from  the  meter  will  have  only 
one  path  to  follow. 

1.  Connect  single  jumper  leads  between  TP-5  and  TP-*6,  TP-9  and  TP- 10, 
and  TP-13  and  TP- 14  of  Circuit  3. 

2.  Use  the  multimeter  to  take  resi;t±*ce  readings  at  the  test  points  shown 

below. 

TP  READING 

7  -  8   

11  -  12   

15  -  16   

4-17 


Eadh  reading  should  be  the  same  because $  if  you  look  closely,  each 
time  you  connected  the  meter  to  the  circuit  there  were  three  possible 
paths  between  the  two  leads  for  current  to  follow.    Look  g£ain. 

Disconnect  one  end  of  each  of  the  cthr^e  jumper  leads  (to  isolate  the 
three  pet  he)  and  take  resistance  readies  ecrnea  *eeis tots  1,  2  and  3. 
The  readinge  should  be:    Resistor  1  ■  6000    ,  Resistor  2  «  3000  , 
and  Resistor  3  -  2000        By  us**g  the  ^remittance  in  parallel  formula 
you  can  aee  that  the  total  of  t\*  parallel  is  1000 

4.  Remove  the  jumper  leads  from  Circuit  3  end  connect  them  to  TP-4  and 
TP-5,  TP- 7  and  TP-8,  and  TP-11  and  TP-12  of  Circuit  4. 

5.  Turn  on  the  TRAINER  POWER  and  28  VDC  POWER  switches. 

6.  Turn  on  Circuit  4.    All  three  lights  Should  come  on. 

7.  Place  Troubleswitch  3  (Circuit  4}  in  the  'IN1  position.    Light  1  goes  out. 

Since  only  .Light  1  went  out,  there  must  be  an  open  either  between 
TP-*6  and  TP-9,  or  TP-9  and  TP- 10,  or  TP- 10  and  TP-I^,    Let's  use  the 
ohmmeter  to  find  It. 

8.  Turn  Circuit  4  off  and  isolate  Light  l's  lag  by  disconnecting  one 
end  of  that  paths  jumper  lead. 
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9.  Take  resistance  readings  at  the  following  test  points. 

TP  3K>r%T*'2 
9-10 

10  -  17  _ 

Yc*Tr  readings  should  have  shown  resistance  around  Light  1  and  infinity 
between  Light  1  and  TP-17.    This  means  that  the  open  is  on  the  wire 
between  Light  1  and  TP-17. 

10.  Place  Troubleswitch  3  (Circuit  4)  in  the  'OUT1  position  and  reconnect 
the  jumper  lead. 

11.  Turn  Circuit  4.    All  lights  should  <*oilp  on. 

12.  Place  *  Dubleswitch  5  (Circuit       ir.  the    IN1  position. 

tonat  happened?  ^ 

What  are  the  pojsibilities?  

13.  Turn  Circuit  4  off. 

14.  Isolate  the  path  with  the  inoperative  component* 

15.  Take  resistance  readings  to  determine  the  trouble. 

Your  readings  should  show  an  opr.n  between  IF -6  and  TP-15. 

16.  Turn  the  TRAINER  POWER  and  28  VDC  POWER  switches  off. 

17.  Disconnect  cne  jumper  leads  and  DC  power  cord.    Put  them  in  the 
drawer. 

18.  £ut  the  Parallel  Circuit  h  ard  away  am*  s;gn  in  the  multimeter. 

19.  Kave  the  instructor  init       the  space  below  and  t  en  return  to  the 
classroom  to  finish  the  c. 
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ANSWERS 


PART  1 


PART  2 


CIRCUIT  3 


CIRCUIT  4 


(Step  20)  TP 
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Light  3  went  out . 

An  open  on  Light  3fs  leg. 


(Step  22)       Light  3  vent  out 

An  open  between  TP-6  and  TP- 15,  or  TP- 15  and  TP  16  and  TP- 17 
Light  3  is  open  (bumd  out) 
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OBJECTIVES 


1.  Using  Klrchoff fs  cur **nt  and  voltage  lawr,  Ohm's  law,  and 
power  formula,  solve  for  unknot*?  values  in  series-parallel  circuits. 
A  minimum  of  8  our  of  the  TO  circuits  must  be  correct. 

2.  Using  schematic  diagrams  of  electrical  circuits,  malfunction 
indications,  and  meter  readings,  specify  the  type  of  trouble  for  a 
minimum  of  8  out  of  10  indications. 

INSTRUCTIONS 

This  programmed  text  presents  information  in  small  steps  called 
frames.    Carefully  study  the  written  material  and/or  schematic  in  each 
frame  until  you  are  satisfied  you  understand  its  contents.    Each  frame 
requires  you  to  respond  to  the  information  ±c  some  way.    For  example, 
you  may  be  required  to  select  true  statements,  solve  problems,  etc. 
Specific  instructions  are  provided  In  each  frame.    After  you  have  made 
ycur  response  on  the  response  sheet  compare  your  answers  with  the  answers 
given  on  the  top  of  the  next  frame.    If  you  are  correct,  go  on  to  the 
next  frame.    If  you  are  incorrect,  study  the  frame  again  and  correct 
your  mistakes  before  continuing.    If  you  still  can't  understand  your 
mistakes,  ask  your  instructor  for  assistance.    Read  carefully,  select 
the  correct  answer (s)  and  DO  NOT  HURRY.    DO  NOT  MARK  IN  THIS  TEXT. 

SPECIAL  INSTRUCTIONS 

As  you  complete  this  PT  you  should  have  a  copy  of  the  laws  and 
formulas  (3ABR42331-HO-101B)  in  front  of  you  for  e*»sy  reference. 

There  are  a  number  of  frames  in  this  PT  in  which  the  answers  are 
not  given.    In  these  frames  you  are  told  to  have  fbe  instructor  check 
your  answers.    These  frames  have  been  included  in  this  PT  for  a  distinct 
purpose.    Do  not  proceed  any  further  in  the  PT  until  you  have  had  your 
answers  chucked.    For  example,  frame  13  requires  you  to  have  the 
instructor  check  your  answers.    Do  not  proceed  to  frame  14  until  your 
answers  to  frame  13  have  been  checked. 
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INTRODUCTION 

You  have  just  made  a  study  of  series  and  parallel  circuits.  Many 
circuits  consist  of  both  series  and  parallel  units.    A  circuit  of  this 
type  will  be  called  a  series-parallel  circuit.    No  new  formulas  or  laws 
are  needed  to  ?olve  for  unknowns  in  series-parallel  circuits.    The  only 
laws  and  formulas  that  you  will  need  are  in  the  handout  that  should  be 
in  front  of  you  this  time. 

Frame  1 

Do  not  start  this  frame  unlejs  you  have  a  copy  of  the  laws  and  formulas 
in  front  of  you.    See  your  instructor  for  them  ix  necessary. 

A  series-parallel  circuit  is  shown  below.    In  this  circuit  R£  and  R3 
are  connected  in  parallel  with  each  other.    Ri  is  connected  in  aeries  with 
the  parallel  combination  of  R2  and  R3. 


Mark  the  correct  answer  for  each  of  the  following  questions.  Use  the 
circu* t  shown  below. 

1.  The  two  resistors  4iich  are  in  parallel  with  each  other  are 

a.  R3  and  R4. 

b.  Ri  and  R2. 

c.  R2  and  R3. 

d.  Ri  and  R4. 

2.  The  ci    iit  shown  is  a 

a.  series  circuit. 

b.  parallel  circuit. 

c.  series-parallel  circuit. 


3 
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Answers  to  Frame  1:    1.  a     2  £ 
Frame  2 

No  new  laws  or  formulas  are  needed  to  solve  series-parallel  circuits. 
In  this  PX  ve  will  review  each  of  the  laws  and  formulas  with  you.    In  the 
circuit  shown  below  we  want  to  find  Ij.    Applying  Kirchhoff  fs  cuirent  law 
to  junction  1,  the  sum  of  the  currents  flowing  into  junction  1  is  equal  to 
2  +  1  +  3  or  6a.    Since  6a  flows  into  junction  1,  6a  must  leave  Junction  1. 
Thus,  Ii  *  6a. 


! 


I — VS/V— ||l 


Using  Kirchhoff * s  current  law  from  your  handout,  solve  for  the  unknown 
currents  In  each  of  the  following  circuits.    Put  your  answers  on  the 
appropriate  blanks. 


1. 


A/W  
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Answers  to  Frame  2:    1,  Ii  -  6a_     2.  1\  -  4a     3*  I4  -3a     4.  Ii  ■  4a 

12  ■  6a  T4  ■  4a  It  -  4a 

I4  -  4a  If.  ■  4a 

5*  I3  0  3a 
I4  ■  6a 

Frame  3 

Kirchhoff fs  voltage  law  is  also  used  to  solve  for  unknowns  In  a  series- 
parallel  circuit*    In  the  circuit  shown  below  we  want  to  find  Et.  To  find  Et 
we  need  to  know  all  the  voltage  drops  around  a  closed  path.    Since  we  do  not 
knov  the  voltage  dropped  on  R3  and  R^,  we  will  not:  use  the  path  in  which  they 
are  located •    Instead  we  will  use  the  R5,  R4,  P*2»  and  Ri  path.  Apply 
Kirchhoff fs  voltage  law  to  this  path.    We  have  6+3+6+10*  25V.  Thus, 
Et  -  25V. 


Using  Kirchhoff fs  voltage  law  from  your  handout,  solve  for  the  unknown 
voltages  In  each  of  the  following  circuits.    Put  your  answers  on  the 
appropriate  blanks* 
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Answers  to  Frame  3:  1.  Et  -  26V,    2.  Et  -  24 V»    3.  E2  -  3V>    4 .  E4  -  4V, 

E5  *  10V 

5.  Ei  -  8£ 

Frame  4 

Ohm's  law  formulas  are  also  used  to  find  unknowns  in  serle  ^-parallel 
circuits*    In  the  circuit  shown  below  we  want  to  find  I^.    When  using 
Ohm9 s  law  formulas  be  sure  that  the  values  used  are  for  the  same  component* 
For  example,  to  find  Ii  we  would  use  E^  and  Thus,  1^  »  E^/Ri  ■  12/4  ■  3a. 


1 


-vw— 

E|  =I2V 


I 


Using  Kirchhoff's  voltage  and  current  law  and  Ohm's  law  formulas, 
uolve  for  the  indicated  unknowns  in  each  of  the  following  problems.  Write 
your  answers  on  the  appropriate  blanks. 


1. 


2. 


-l-E^  \ 


-VvV — 
E|=6V 


I 


I 


E3S,2V 
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Answers  to  Frame  4: 

2V,    E4  »  4V,    2.  Et  -  18V,    Ix  =»  3a,      R3  ■  12R 

l4°li         It  ■  3a 
R4  -  4£ 

Frame  5 

Now  let's  look  at  how  to  find  the  total  resistance  in  a  series-parallel 
circuit.    Since  R3  and  R4  are  in  parallel  with  each  other  in  circuit  A,  we 
can  use  either  the  "product  over  the  sum  formula"  or  the  "reciprocal  formula" 
to  find  the  series  equivalent  resistance  of  R3  and  R4.    Using  the  "product 
over  the  sum  formula"  we  have 


*34  '  VT  R/  "  UTT  "  72/18  "  4  ohmfl- 
J  +  4 


1.  Ii  -  3a,  E3 
Rl  3  20, 


Circuit  B  is  the  same  as  circuit  A  except  we  have  replaced  R3  and  R4 
by  their  series  equivalent  resistor  R34.    Now  we  have  a  series  circuit. 
In  *  series  circuit  the  total  resistance  is  equal  to  the  sum  of  the 
individual  resistances.    Thus,  Rt  »  16  +  6  +  4  »  26  ohms. 

Note:    To  find  the  total  resistance  of  a  series-parallel  circuit, 
first  find  the  series  equivalent  resistances  of  the  parallel  parts 
and  then  you  just  have  a  series  circuit. 
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Frame  5  (Cont'd) 


853 
10 


Answers  to  Frame  5: 

1.  Rt  =  17£2,    2.  Rt  =»  23£f      3,  Rt  -  28£,    4.  Rt  =  24.5Q.    5.  Rt  =  16ft 

Frame  6 

To  find  power  you  use  the  formula  P  »  I  x  E,    The  total  power  in  ANY 
circuit  is  equal  to  the  sum  of  the'  powers  used  in  the  individual  units. 
This  can  be  expressed  as  a  formula  by       =»       f  P^  +  P^. 

Solve  for  all  indicated  unknowns  in  the  circuits  shown  belcw.  Put 
your  answers  on  the  appropriate  blanks. 


1. 


2. 


11 
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Answers  to  Frame  6:  1.  42W,  2.  Ei  -  6V,    I2  «  la,    E3  «  8V 

Pi  -  18W,  R2  -  8£ ,    R3  -  An 
P2  -  8W     P3  -  16W 

Frame  7 

So  far  in  this  PT  we  have  reviewed  all  the  formulas  and  laws  that  are 
on  your  handout.    We  have  seen  how  they  are  used  to  solve  for  unknowns  in 
series-parallel  circuits.    Remember,  if  you  canft  apply  one  law  to  a  parti- 
cular circuit,  try  using  a  different  one  until  you  find  one  that  can  be  used. 
In  :his  and  the  next  two  frames  we  will  solve  the  problem  shown  below  step- 
by-step  with  you.    Since  we  do  not  have  any  voltage  readings  we  cannot  use 
Kirchhofffs  voltage  law.    However,  we  can  use  Kirchhofffs  current  law. 
Since,  xhere  are  3a  that  leave  the  battery  there  must  be  a  3a  that  flow 
through  R       Fill  in  3a  for  l^.    Applying  Kirchhofffs"~^Fr"i^TTa^" to 
junction  A  we  have  3a  flowing  into  junction  A.    Thus,  there  must  b* 
3a  leaving  junction  A.    Since  2a  flows  through  R     la  must  flow  t trough 
R2.    Fill  in  la  for  I..    The  sum  of  the  currents  flowing  into  junction 

(I2  *  X3*  is  equal  *°  the  current  leaving  Junction  B.    Thus,  3a 
leaves  junction  B  and  I    -  3a.   'Fill  in  3a  for  I  . 


No  further  response  required,  proceed  to  the  next  frame. 
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Frame  8 


This  is  the  same  circuit  as  in  the  last  frame.    The  values  for  Ilf  I 
and  14  that  you  found  in  frame  7  have  been  filled  in  for  you.    We  still 
don't  have  enough  information  to  use  Kirchhoff's  voltage  law.  However, 
we  can  use  the  Ohm's  law  formula  E  «  I  X  R  to  find  Ei,  E2,  and  E/. 
El  «  Ix  X  RX  -  3  X  6  -  18V.    E2  -  I2  X  R2  -  1  X  6  -  6V. 

E4  -  I4  X  R4  «  3  X  4  =  12V.    Fill  in  these  values  on  the  appropriate 
blanks.    We'll  fini.        ■  problem  in  the  next  frame. 


No  further  response  required,  proceed  to  the  next  frame. 


13 
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Frame  9 


We  will  finish  the  problem  we  started  in  frame  7 .    We  have  filled  in 
the  values  that  we  have  found  so  far.    Now  we  can  use  Kirchhoff's  voltage 
law.    Applying  Kirchhoff's  voltage  law  to  the  path  that  contains  RA,  R,, 
and  R1§  we  have  Et  -  E4  +  E2  +  Fi  -  12  +  6  +  18  -  36V.    Fill  in  36V  for 
Et.    We  now  can  use  Kirchhoff 's  voitage  law  to  find  E3    Apply  Kirchhoff s 
voltage  law  to  the  path  that  contains  R4,  R3,  and  R,.    We  have  Et  =  Ea  + 
E3  -i-  Ei.    Substituting  we  have  36  -  12  +  E3  +  18.    Subtracting  30  from  36 
we  have  E3  =  6V.    Fill  in  6V  for  E3  on  the  appropriate  blank  below. 

Now  we  can  use  Ohm's  law  formula  R  -  E/I  to  find  Rt  and  R3 
Rt  a  Et/Xt  a  36/3  "  12  ohms.    R3  =  E3/l3  -  6/2  -  3  ohms.    Now  the 
problem  is  solved. 


ETV  y        1.=  3  c 


It«  3a 


Ei»iev 

I|=  3  Q 


No  further  response  required,  proceed  to  the  next  frame. 
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Frame  10 


Solve  each  of  the  following  problems  for  the  indicated  unknowns. 
Put  your  answers  on  the  appropriate  blanks. 


x 


-vw- 


V 

-^-E^V  II"  0 
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 y 
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I|=40 
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10:  1. 
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Frame  11 

In  the  circuit  shown  we  want  to  find  the  value  of  R 


To  establish 


a  procedure  for  solving  series-parallel  circuits  we  wilf  work  this  problem 
step-by-step  with  you.    As  you  complete  each  of  the  following  steps  place 
a  check  on  the  blank  by  the  number  of  that  step* 


X 


■VA  

R|  =  3A 


Rt=. 


-VSAr- 


I3=2o 


I23lo 
R2»9jTL 


First  draw  the  above  circuit  on  scratch  paper  with  all  the  E,  I,  R, 
known  and  unknowns,  along  with  the  letter  for  points  A,  B,  C,  and  D  as 
shown  below. 


€3«- 
R8» 


X 


-VS/Sr- 


0  ^ 


V 
a.  V 


E2* 


:2  *  LL 


9  J^- 
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Frame  11  (Contfd) 

1.  Examining  the  circuit  you  can  see  the  first  step  in  this  circuit 
should  be  to  solve  for  E2.    Why?    Because  only  Ohmfs  law  is  needed 
to  solve  for  E2.    R2  X  I2  -  9fi  X  la  -  9v  -  E2.    Now  you  have  the 
voltage  at  point  A  to  point  C.    Because  C  and  B  are  both  ground 
points  you  will  also  have  9  volt  from  point  A  to  point  B. 
Remember  A  to  C  is  in  parallel  with  A  to  B,  but  A  to  B  is  a  series 
circuit  by  itself. 

2.  Because  Kirchhoff fs  current  law  states  current  flow  in  a  series 
circuit  is  the  same,  I4  must  be  equal  to  I3  therefore,  I4  »  2a. 

3.  Now  solve  for  E4  by  using  Ohm's  law.    I4  X  R4  «  2a  X  39  «  6v  -  E4. 

4.  Now  solve  for  E3  by  using  Kirchhoff fs  voltage  law.    Subtract  the 
voltage  E4  =  6v  from  the  total  voltage  (9v)  across  points  A  to  B, 
which  is  9v,  E3  -  9v  -  6v  -  3v.    Now  do  you  see  how  E3  does  equal 
3v?    if  not,  see  Kirchhoff' s  voltage  law  and/or  your  instructor. 

5.  To  solve  for  R3  you  must  use  Ohm's  law. 

R.  =  Ejl    -  3v/2a  -  1.5« 

J        3  3 

6.  Now  you  must  find  the  total  current.    To  do  this  you  use  Kirchhoff fs 
current  law.    Add  the  current  (2  amp)  from  circuit  A  and  B  to  the 
current  (1  amp)  from  A  and  C.    This  3  amps  will  join  at  a  point  A, 
and  will  return  to  the  positive  point  of  the  power  sources.  This 
means  Ii  -  3  amp  and  also  It  -  3  amp. 

7.  Now  that  you  know  that  1^  -  3a  you  can  now  apply  Ohm's  law  and  solve 
for  Ei,  Ei  »  Ii  X  Rx  -  3a  X  3fl  -  9v 

8.  Circuit  A  to  B  is  in  parallel  with  circuit  A  to  C  and  the 
characteristic  rules  of  a  parallel  circuit  say  that  voltage  is 
the  same  in  a  parallel  circuit.    To  solve  for  Et  you  must  add 
the  A  to  B  voltage  OR  the  A  to  C  voltage  to  Ei  which  will  equal 
Etf  Et  -  9\  +  9v  -  18v. 

Rt  Now  to  solve  for  Rt  you  mu?t  use  Ohm's  law. 

d  -  Et  18v  ^ 
Rt  m  i;  "  3T  "  6ft 
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Answers  to  Frame  11:    Rfc  -  6  ohms 
Frame  12 

Solve  each  of  the  following  problems  for  the  indicated  unknown.  Put 
your  answers  on  the  appropriate  blanks.    Set  up  the  problems,  using  the 
same  procedures  as  in  the  lasc  frame. 


1. 

I     £fo  1  H" 

-db-  >  E2=8V      s —  R^in 

I "~  1V!A 


2. 


-VNA/  


-VNAr 


V 


=6/1 


I3=2o 


Rt=l2A 


14=  3o 
R4=6A 


I  WV- 
JL  E,=6V 


Ef=24V 


Rt=  A. 


R2=6A 


-\W — 
R3=3A 


E4=6V 


Hi' 
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X 


-vw- 


Frame  12  (Cont'd) 


R,=IOrL 


X 


Rt3  /x. 


— wv  < 

R,=6f\ 


— WV 


-WV  ||l 


-AVv  ||l 


=30V 


14=1  a 


X 


Er_y 


R2=6i\ 


-vw- 


E4=4V 


I3=2a 
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Frame  12  (cont'd) 


8. 


r 
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E2"I2V 


AW— 
I3-2o 


t4««v 
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I  VSAr- 


-A/-V- 


Ej-SV 


— wv 


10. 
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Answers  to  Fran.  12:    1.  6v,      2.  12v,      3.  4^hjns,      4.  54V     5.  16  ohms, 

6.  la       7.  lOv       8.  72W,  9.  18W,  l0.  18W  

Frame  13 

Put  !onrfl6aCh  °f  th\followin8  Problems  for  the  indicated  unknown. 
Put  your  answers  on  the  appropriate  blanks. 


1. 


i  -VW- 


E^SV 

V2* 


■12V 


2. 


3. 


4. 


5. 


1  «r»v 

£4*  12V 


E^ev 

V2fl 


V 


12V 


s>ev 

I8-2d 


E4«I2V 


I 

-Wr  1  1 

6|»«V 

"t*. 

 p.  4 

1 

EjMV 
E4"I2V 
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ERIC 


11. 


I 


— WNr- 
E,=  6  V 


T  ^=247 


-WNr— 
l2=6a 


13=40 


Frane  13  (Cont'd) 


ERIC 


Have  the  instructor  check  your  answers* 
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Frame  14 


The  rest  of  this  PT  deals  with  troubleshooting.    In  order  to  trouble- 
3hoot  22H  °mst:  what  the  readings  are  in  a  good  circuit.    In  the  circuit 

shown  the  readings  at  points  1,  2,  3,  4,  and  5  should  all  be  24V,  Letfs 
see  why!    For  example,  trace  a  path  from  the  negative  side  of  the  jattery 
through  the  voltmeter  (Vi)  at  point  5  and  back  to  the  positive  side  ot  the 
battery.    The  only  item  in  this  path  is  the  voltmeter  (V^  ,    Thus,  the 
voltmeter  would  read  24V,    The  same  is  true  for  points  1,  2,  3,  and  4.  Now 
trace  a  path  from  the  negative  side  of  the  battery  through  the  voltmeter  (V2) 
connected  at  point  6  and  back  to  the  positive  side  of  the  battery.    In  this 
path  there  are  two  items  (the  voltmeter  and  Ri) .    Sincf  R±  uses  6V,  the 
voltmeter  must  read  18V,    Fill  in  18V  for  the  voltmeter  (V2)  at  point  6 
on  the  response  sheet. 

Note:    Voltage  is  a  pressure  that  moves  electrons  through  a  resistance. 
The  resistance  will  use  up  either  all  the  voltage  or  part  of  it  in  doing 
its  task  in  the  circuit.    In  this  circuit  E,  used  6  volts  of  the  24  volts 
with  a  remainder  of  18  volts  of  pressure  being  applied  between  point  6 
and  the  circuit  ground. 

Using  Kirchhoff's  voltage  law  determine  what  the  meter  would  read  at 
points  7  and  8.    Fill  in  your  answers  in  tha  circuit  shown* 
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Answers  to  Frame  14 :         =»  12V,    v^  =  OV 

Frame  15 

An  open  is  an  incomplete  path  for  current  to  flow.    In  the  circuit 
shown  we  have  good  readings  at  points  5  and  8.    The  readings  at  point 
6  and  7  are  abnormal.     Even  though  the  readings  at  points  6  and  7  are 
abnormal,  we  know  that  we  have  a  complete  path  fr^m  the  positive  battery 
terminal  to  point  7  since  the  voltmeter  needle  is  deflecting.    The  abnormal 
reading  of  24V  at  point  7  indicates  that  the  difference  in  potential  across 
R4  is  24V  and  there  is  an  incomplete  current  path  between  here  and  ground. 
In  this  case  R4  is  open. 


-VW 


Mark  the  following  tiue  statement  (s)  with  a  "T". 

  !•  A  voltmeter  connected  between  points  5  and  6  would  read  OV. 

  2.  A  voltmeter  connected  between  points  6  and  7  would  read  24V. 

  3.  A  voltmeter  connected  between  points  7  and  8  would  read  24V. 
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Answers  to  Frame  15:    1.  T,      2.   ,      3.  T 

Frame  16 

In  the  circuit  shown  all  lamps*  are  inoperative.    Since  none  of  the 
lamps  work,  the  open  would  be  between  points  1  and  7.    If  the  open  was 
anywhere  else  in  the  circuit,  one  or  more  of  the  lamps  would  be  lit.  The 
24V  reading  at  point  j  indicates  that  there  is  a  complete  path  to  point  6. 
The  OV  reading  at  point  7  indicates  that  there  is  an  open  between  points 
6  and  7. 


For  each  of  the  following  malfunction  indications,  innate  on  the 
blank  the  possible  open  components  that  could  be  the  cause.  Write  >our 
answers  in  the  space  provided.    Number  1  has  been  done  as  an  example. 

1.  1^  is  inoperative.     7  &  9,  9  &  12  (1^).  12  &  ground.  

2.  L9  is  inoperative.   


3.    *     is  inoperativi. 


4.    L9  and       are  inoperative. 


*Nota:    Lamps  in  this  text  are  identified  by  the  letters        L2,  L3, 

etc.,  or,  by  an  applicable  symbol.    Those  drawn  as  a  simple  circle 

with  a  letter  inside  denote  its  color;  e.g.,  C  for  clear,  R  Tor  red,  etc. 
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Answers  to  Frame  16:    2.  8  &  10,    10  &  13  (L2) ,    13  &  ground 


3-  8  &  11,    11  &  14  (L3),    14  &  ground      4.  7  6  8 


Frame  17 

Before  taking  readings  or  analyzing  readings  in  a  circuit  you  should 
consider  the  possible  components  that  could  cause  the  circuit  malfunction. 

Using  the  circuit  shown,  determine  the  type  of  trouble  and  the  faulty 
component  for  each  of  the  following  problems.    Put  your  answers  on  the 
appropriate  blanks.     The  first  one  has  been  done  for  you  to  show 
you  how  to  do  it . 


1.  L-^  is  inoperative.    A  voltmeter  connected  between  point  7  and  ground 
reads  24V.    A  voltmeter  connected  between  point  9  and  ground  reads  0V* 
Open  7  &  9 


2,,  L2  and  L3  are  inoperative.    A  voltmeter  connected  from  8  to  ground 
reads  0V. 


3.  All  lamps  are  inoperative.    A  voltmeter  connected  from  5  to  ground 
reads  24V.    A  voltmeter  connected  from  6  to  ground  reads  0V. 


4.  All  lamps  are  inoperative.    A  voltmeter  connected  from  points  1,  2, 
and  3  to  ground  reads  24V.    A  voltmeter  connected  from  point  4  to 
ground  reads  0V. 


5.  L3  is  inoperative.    A  voltmeter  connected  from  8,  11,  and  14  to 
ground  reads  24V# 


BEST  COPY  AVAILABLE 
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Answers  to  Frame  17:    2.  open  7  &  8»      3.  open  5  &  6  (R^), 

4.  open  3  &  4       5, open  14  &  ground 

Frame  18 

The  normal  circuit  raadings  are  given  in  figure  1  below.    From  these 
readings        should  see  that  the  voltage  drop  across  Rl  is  equal  to  6V. 
(24  -  18  *  6V.)    The  drop  across  each  lamp  is  18V.    (18  -  0  =  18V.) 


Figure  1. 

Now  let's  see  what  the  readings  would  be  if  L2  burned  out.    This  is  shown 
in  figure  2.    Since  there  is  still  a  complete  path  in  the  circuit,  there 
will  be  current  flowing  through  Ll  and  Rj.    Since  there  is  current  flowing 
through  Ri,  there  will  be  a  voltage  drop  across  it.    Thus,  even  though  L2 
is  open,  the  difference  in  potential  across  it  will  not  be  equal  to  the 
applied  voltage  (24V).    If  you  had  not  been  told  that  L2  was  open,  you 
could  still  determine  this  from  the  read in go  given*    Since  there  is  a 
difference  in  potential  across  the  L2  and  it  is  not  lit,  the.  lamp  must 
be  open. 


Figure  2. 
28 


Frame  18  (Cont'd) 
the  correct  answer  for  each  of  the  following  questions, 

1.  If  Rj^  was  open  in  figure  1,  the  voltmeter  would  read  OV  at  point 

a.  1 

b.  2 

c.  3 

d.  5 

2.  If  the  wire  between  points  5  and  8  was  open  in  figure  1,  the 
voltmeter  would  read  OV  at  point 

a.  1 

b.  3 

c.  5 

d.  8 
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Answers  to  Frame  18:    1.  d,      2.  d 
Frame  19 

Analyze  the  meter  readings  and  circuit  indications  in  each  of  the 
following  circuits.    On  the  blank  provided  by  each  circuit  list  the 
type  of  trouble  and  the  faulty  component.    The  first  one  was  done  for 
you  as  an  example. 

1.    Both  lamps  inoperative.      Open  4-5  


2.    Both  lamps  inoperative 
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4.    L_  is  inoperative. 


Frame  19  (Cont'd) 
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Answers  to  Fiame  19:    2,  open  5-6  (Rx) t      3.  open  10  to  ground ,    4.  open  6- 

5.  open  9-10  (L2>     6.  open  R4 


Frame  20 

An  open  can  also  be  located  with  an  ohmmeter.    The  ohmmeter  has  Its 
own  source  of  power  and  should  not  be  used  in  a  live  circuit.    Before  we 
use  an  ohmmeter  for  troubleshooting  letfs  see  what  readings  the  ohmmeter 
would  irdicate  in  a  normal  circuit.    We  will  use  the  circuit  shown  below. 
An  ohmmeter  connected  from  point  4  to  ground  should  read  0  ohms  because 
the  resistance  of  the  ground  wire  will  be  0  ohms.    An  ohmmeter  connected 
from  point  3  to  ground  should  read  2  ohmsf  the  resistance  of  R4.  What 
should  the  ohmmeter  read  when  connected  at  point  2?    If  you  said  5  ohms, 
you  are  correct.    When  the  ohmmeter  is  connected  to  point  2  it  reads 
through  R2,  R3,  and  R4.    Since  R2  and  R3  are  in  parallel  with  each  other 
we  need  to  compute  their  series  equivalent  resistance.    Using  the  product 
over-tha-sum  formula  we  find  this  to  be  3  ohms.    Add  this  value  to  the 
value  of  R4  and  we  find  that  the  ohmmeter  would  read  5  ohms  at  point  2. 


2 


V 


On. 


1 — W- 


K  3 

f— -VNAr 


I 


V4A 


Mark  the  correct  statement (s)  below  with  a  "T," 

  1«  An  ohmmeter  connected  from  point  1  to  ground  would  read  11  ohms. 

  2.  An  ohmmeter  connected  from  point  1  Zo  point  2  would  read  11  ohms. 

  3.  An  ohmmeter  connected  from  point  2  to  point  3  would  read  16  ohms. 
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Answers  to  Frame  20:    1.         2.   ,  3. 

Frame  21 

Let1 8  get  some  practice  troubleshooting  with  an  ohmmeter.    In  the 
circuit  9hown  below  we  have  given  you  ohmmeter  readings  at  different 
points  in  the  circuit.    In  order  to  have  needle  deflection,  you  must  have 
current  flowing  through  the  movement.    If  no  current  is  flowing  througn 
the  movement,  the  needle  will  indicate  infinity  (<»),    A  reading  of  0  ohms 
at  point  4  indicates  that  the  ground  wire  is  good.    The  readings  at  point 
3  and  point  2  indicate  that  there  is  a  complete  path  to  point  2.    When  the 
ohmmeter  is  connected  to  point  1,  the  needle  doesn't  deflect.    This  indicates 
that  no  current  is  flowing  through  the  ohmmeter  when  it  is  connected  to  po.nt 
1.    Since  we  had  a  complete  path  up  to  point  2  and  didn't  have  one  up  to 
point  1,  there  must  be  an  open  between  points  1  and  2,    In  this  case  is 
open. 


Mark  the  correct  answer  below  for  each  of  the  following  questions. 

  !•  If  an  ohmmeter  was  connected  around       (points  1  and  2) ,  the 

ohmmeter  would  read  infinity  («)  indicating  that  R^  is 

a.  closed, 

b,  open. 

  2,  If  R4  was  open,  an  ohmmeter  connected  from  point  3  to  point  4 

would  read 

a,  0  ohm. 

b.  infinity. 
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Answer 3  to  Frame  21:    1.  b,      2.  b, 
Frame  22 

We  will  use  the  same  circuit  that  we  used  in  the  last  two  frames. 
Let's  see  what  the  reading  at  point  2  would  be  if  R2  became  open.  With 
R2  open*  the  ohmmeter  would  read  through  R3  and  R4.    Since  R2  is  open, 
R3  and  R4  are  connected  in  series  with  each  other  and  the  ohmmeter  will 
read  6  ohms  (A  +  2) • 


Mark  the  following  true  statement (s)  with  a  "T'i 

  !•  If  R3  had  been  open  instead  of  R2,  the  ohmmeter  at  point  2 

would  read  14  ohms, 

  2»  If  ^3         been  °Pen  instead  of  R2,  an  ohmmeter  at  point  1 

would  ti-ad  6  ohms. 
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Answers  to  Frame  22:    1.  T,  2.   

Frame  23 

In  some  cases  you  will  need  to  isolate  the  branches  of  the  parallel 
part  in  order  to  determine  the  faulty  component.    For  example,  in  the 
circuit  shown  below  we  have  a  6  ohm  reading  at  point  5.    This  indicates 
that  the  ohmmeter  is  reading  through  only  one  of  the  parallel  branches 
and  means  one  of  the  parallel  branches  has  an  open  in  it. 


Figure  1. 

To  isolate  the  branches  we  would  need  to  only  disconnect  one  of  the 
branches.    This  is  shown  below.    We  took  readings  at  the  points  indicated. 
The  ground  wire  for  R3  is  good  as  indicated  by  the  0  ohm  reading.  The 
infinity  reading  at  point  8  indicates  that  R3  is  open. 


Figure  2. 

Mark  the  following  true  stat. nent (s)  with  a  "T" 

  !•  An  ohmmeter  connected  around  a  good  ground  wire  should  read  0  ohms. 

 2.  An  ohmmeter  connected  around  an  open  will  read  «>. 

  3«  An  ohmmeter  connected  at  point  4  in  figure  1  would  read  12  ohms. 
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Answers  to  Frame  23:    1.  T,      2.  T,  3. 
Frame  24 

Analyze  the  meter  readings  in  each  of  the  following  circuits.    On  the 
blanks  provided  by  each  circuit  list  the  type  of  trouble  and  the  faulty 
component.    The  first  one  has  been  done  for  vou  to  show  you  how.    Look  at 
the  answer  and  compare  it  to  the  meter  readings. 


Opcu  4-5  (R  ) 


2. 


3. 


4. 
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Frame  24  (Cont'd) 
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Answers  to  Frame  24:    2.  open  6  7.  7-8,  nr  8  to  ground. 

open  6-9.  9-10  or  10  to  ground 
5.  open  7  to  ground r      6.  open  R2 


3.  open  5-6. 
7.  open  R2 


Frame  25 


f  ii  ^    yZ!     ?  meter  readin8s  and  cir"it  indications  in  each  of  the 
following  circuits.    Using  the  blank  provided  by  each  circuit,  list  the 
type  of  trouble  and  faulty  component.    Have  your  instructor  check  your 
work  when  you  have  finished  all  nine  problems.  * 


1. 


2. 


3. 


38 
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Frame  25  (Cont'd) 


AA/V 
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Frame  25  (Cont'd) 
7. 


Frame  26 


A  short  circuit  is  an  accidental  path  of  low  resistance  which  passes 
an  abnormal  amount  of  current.    Each  load  unit  in  a  circuit  should  drop 
some  of  the  applied  voltage*    If  the  load  unit  is  shorted  the  current  will 
bypass  the  load  unit  and  flow  through  the  low  resistance  path.    With  no 
current  flowing  through  the  load  unit,  it  will  not  have  any  voltage  dropped 
across  it.    In  the  circuit  below  wa  have  given  you  readings  at  different 
points.    Which  resistor  does  not  have  a  difference  in  potential  across  it? 
If  you  said  R^,  you  are  correct.    Let's  see  why!    The  potential  at  point  4 
is  24V  and  the  potential  at  point  5  is  24V.    Thus,  there  is  no  difference 
in  potential  across  R^.    Look  at  the  rest  of  the  circuit.    R2  and  R3  are 
dropping  6V.    R4  is  dropping  18V.    There  is  current  flowing  in  the  circuit. 
Since  there  is  no  difference  in  potential  across  R±  and  there  is  current 
flowing  in  the  circuit,       is  shorted. 


Mark  the  correct  answer  below  for  each  of  the  following  questiors. 

  1.  A  voltmeter  connected  between  points  4  and  5  would  read 

a.  0  volts. 

b.  24  volts. 

  2.  A  voltmeter  connected  between  points  5  and  6  would  read 

a.  24  volts. 

b.  18  volts. 

c.  6  volts. 

  3.  The  difference  in  potential  across  a  shorted  resistor  is 

a.  24  volts. 

b.  18  volts. 

c.  6  volts. 

d.  0  volts. 
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Answers  to  Frame  26:    1.  a,     2.  ct      3.  d 
Frame  27 

Uf?f25  ^irC"it1  shown  we  havt  you  readings  at  different  points. 

«V  The  H-tf f  U ltJ  cooponent-  ^  difference  in  potential  across  Ri  is 
18V  £S ?  P0tential  acr08s  the  P^Hel  Part  (R2  and  r,)  is 

"  L  J^h.       JTC8  2  P°tential  acro8s  R4  H  OV  making  the'resistlnce 
of 84  0  ohms.    Since  there  is  voltage  dropped  on  Ri,  R2,  and  R3f  we  know 
there  is  current  flowing  through  them.    Since  there  is^urrent blowing 
in  the  circuit,  but  no  voltage  is  dropped  across  R4,  R4  must  be  shored. 


Mark  the  following  true  statement (s)  with  a  "T". 

  1.  The  difference  in  potential  across  a  shorted  resistor  is  OV. 

  2.  A  voltmeter  connected  between  points  4  and  6  would  read  24V. 
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Answers  to  Frame  27:    1.  T,      2.  T 


Frame  28 

Analyze  the  meter  readings  In  each  of  the  following  circuits.  Using 
the  blank  on  the  response  sheet  provided  for  each  circuit,  list  the  type 
of  troubje  and  the  faulty  component.    The  first  one  has  been  done  for  you 
to  show  how  you  should  record  your  answer.    Use  the  answer  listed 
and  determine  why  it  is  right  by  analyzing  the  meter  readings. 


i    Short  R, 
•   i 


2. 


3. 
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Frame  28  (Cont'd) 


897 
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Answers  to  Frame  28:    2.  short  R^,      3.  short  R2>      4.  short  Rlf 


5.  short  R2»      6.  short  Ri 


Frame  29 

Many  times  a  short  circuit  will  cause  the  fuse  to  blow.    When  this 
happens  you  will  need  to  use  an  ohmmeter  to  find  the  faulty  component. 
Since  a  shorted  resistor  has  a  0  ohm  resistance  path,  an  ohmmeter  connected 
around  a  shorted  resistor  will  read  0  ohms.    In  the  circuit  below  we  have 
taken  ohmmeter  readings  across  each  resistor.    Which  resistor  is  shorted? 
R^  is  shorted  since  the  ohmmeter  connected  around  it  reads  0  ohms. 


Mark  the  following  true  statement (s)  with  a  "T" 

  1«  An  ohmmeter  connected  from  point  7  to  ground  should  read  3  ohms. 

  2.  An  ohmmeter  connected  from  point  5  to  ground  should  read  12  ohms. 

  3.  An  ohmmeter  connected  from  point  4  to  ground  would  read  the 

same  as  one  connected  from  point  5  to  ground  if  Rn  was  shorted. 
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Answers  to  Frame  29:  1. 


Frame  30 


2. 


3.  T 


a.  J?  th?  c*rcu**  shown  we  need  to  find  why  the  fuse  has  blown.    The  reading 

SJSdirfL  £  2.0hmS  8lnCe  W6  "e  jU8t  «*««1«8  the  resistance  of  the 
ground  wire.    The  reading  at  point  6  should  be  3  ohms  since  we  are  just 

Z  T1^6  °f  the  gr0Und  Wire        V    Howev«.  the  reading  at 
point  6  is  0  ohms.    This  indicates  that  R*  is  shorted. 


Mark  the  correct  answer  below  for  each  of  the  following  questions. 
  1.  You  probably  have  a  short  somewhere  in  the  circuit  if  the 

a.  switch  closes . 

b.  fuse  blows, 

c.  ground  opens. 

  2.  An  ohnmeter  connected  between  points  4  and  5  read 

a,  0  ohms. 
b»  3  ohms, 
c,      6  ohms. 

  3.  An  ohmmeter  connected  between  points  5  and  6  read 

a,  2  ohms, 
be  3  ohms, 
c.      6  ohms. 
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Answers  to  Frame  30:    1.  b,      2.  c,      3.  a 


Frame  31 


The  reading  at  point  5  indicates  that  R,  is  good.    What  does  the  re- ling 

of  3  ohms  at  point  5  indicate?    If  you  said  a  short  in  R2  or  R3,  you  are 

correct.    Let's  se^  why!    If  either  R2  or  R3  is  shorted,  they  are  in  effect 

Bi°<Tl  th6  re8i8tance  of  tl»e  parallel  part  would  be  On.    In  order  to 

find  which  resistor  is  shorted,  we  would  need  to  isolate  R2  and  R3. 


Mark  the  following  true  statement (s)  with  a  "T" 

  1.  An  ohmmeter  connected  between  points  5  and  6  would  read  0  ohms. 

  2.  An  ohmmetar  connected  from  point  7  to  ground  should  read  0  ohms. 
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Answers  to  Frame  31:    1.  T     2.  T 
Frame  32 

Analyze  the  meter  readings  in  each  of  the  following  circuits. 
Using  the  blank  provided  for  each  circuit  list  the  type  of  trouble 
and  the  faulty  components.  The  first  one  has  been  done  for  you  to 
show  you  how  to  record  your  answers. 


Short  R 


3. 


«  901 


Frame  32  (Cont'd) 
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Answers  to  Frame  32:    2.  short  84,     3.  short  R2  or  R3,     4.  short  R2, 


Frame  33 


5.  short  Ri,     6.  short  Rx 


^    Ktna!yZe        !6ter  readin«s  in  ea<*  of  the  following  circuits.  Using 
the  blank  provided  for  each  circuit,  list  the  type  of  trouble  and  the 
faulty  component. 


1. 


2. 


3. 
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Frame  33  (Contfd) 


Frame  34 

Analyze  the  meter  readings  in  each  of  the  following  circuits.  Using 
the  blank  provided  for  the  circuit,  list  the  type  of  trouble  and  the 
faulty  component.    The  first  one  has  been  done  to  show  you  how  to  record 
your  answers. 


1. 


Open  Rj^ 


2. 


3. 
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Frame  34  (Contfd) 


Answers  to  Frame  34:    2    short-  Ri  d  / 

j-t.         snore  ki,      i,  short  R2,      4.  open  3-4  switch 


5.  short  R4       6.  open  7-ground    7.  short  Rj^ 


Frame  35 


Analyze  the  meter  readings  in  each  of  the  following  circu'ts.  Using 
the  blank  provided  for  each  circuit,  list  the  type  of  ttouble  and  the 
faulty  component.    The  first  one  has  been  done  to  show  you  how  to  record 
your  ansvers. 


1. 


Open  R. 


Rr3A  <R4a6A 


2. 


1  ? 


T  r^v 


V3A  >V6A 


3. 
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Frame  35  (Cont'd) 


A. 
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Answers  to  Frame  35:    2.  short  Ri>      3.  open  Ri,      4.  short  R2, 


5.  open  4-5       6.  open  R^      7.  short  R, 


Frame  36 

Solve  each  of  the  ^allowing  problems  for  the  indicated  unknown. 
Put  your  answers  o  appropriate  blanks ♦ 
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Frame  36  (Cont'd) 


8. 


Have  the  instructor  check  your  answers  and  circle  the  next  frame  number 
which  you  are  to  do. 

Instructor's  Initials 


Note:    If  you  need  additional  practice,  you  will  be  assigned  the 
problems  in  Frame  37.    If  you  don't  need  additional  practice,  the 
instructor  will  tell  you  to  go  to  Frame  38. 
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Frame  37 


Before  starting  this  frame,  reread  erame  11.    Frame  11  outlines  the 
procedures  for  solving  for  unknowns  in  series-parallel  circuits.  Solve 
each  of  the  following  problems  for  the  indicated  unknown.    Put  your 
answers  on  the  appropriate  blanks. 
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6. 


X 


-wv — 

E,  =4V 


-vw — , 
R2=KXa 


■AW- 
E4=2V 


I 


I 


lf*l<>0 


4r  r  2£r*5r+ 


14=20 


H"-re  the  instructor  check  your  answers. 

Instructor's  Initials 
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Frame  38 


Analyze  the  meter  readings  and/or  circuit  indications  in  each  of 
the  following  circuits.    Using  the  blank  provided  for  each  circuit, 
list  the  type  of  trouble  and  the  faulty  component. 


3.    All  lamps  are  inoperative. 
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Frame  38  (Cont'd) 


Frame  38  (Cont'd) 


Have  the  instructor  check  your  answers* 

Instructor's  Initials 


Note:    If  you  need  additional  practice  you  will  be  assigned  the 
problems  in  Frame  39.    If  you  don't  need  additional  practice  you 
will  see  your  instructor  and  ask  to  be  given  the  appraisal  for 
this  text.  915 

62 


Frame  39 


Analyze  the  meter  readings  and/or  circuit  indications  in  each 
the  following  circuits.  Usirg  the  blank  provided  for  each  circuit 
list  the  type  of  trouble  ana  the  faulty  component. 

1.  L9  is  inoperative.  ^^^^ 


2,    Both  Imp*  Inoperative. 


3. 


64  917 


Fi-arae  39  (Cont'd) 


9. 


I 


i  A/\V  1 


10. 


-vw- 


ERIC 


Have  the  instructor  check  your  answers  M  this  frame. 

Instructor's  Initials 


When  you  finish  this  frame  see  your  instructor  and  ask  to  be  given  the 
appraisal  for  this  text. 
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SERIES-PARALLEL  CIRCUIT  PERFORMANCE 


OBJECTIVE 


Using  a  DC  fundamentals  trainer,  construct  a  series-parallel  circuit 
and  measure  electrical  values  with  one  instructor  assist  allowed  for  each 
task  area. 


EQUIPMENT 

Basis  of  Issue 
Trainer  P/N  521685,  DC  Fundamentals         1/ student 
Multimeter  1/student 


SAFETY 


Caution:    Remove  watches,  rings,  bracelets,  etc.,  before  starting 
any  work  on  the  equipment.    It  is  also  a  good  safety  practice  to 
work  on  the  equipment  with  one  hand.    This  practice  reduces  the 
chances  of  receiving  an  electrical  shock  to  some  vital  body  organ 
when  working  with  electricity.    Also  remember  that  light  bulbs, 
resistors,  etc.,  do  get  HOT  and  c.  aid  burn  the  skin. 


PROCEDURE 


Pay  close  attention  to  all  directions  that  you  are  given  in  the 
workbook.    When  performing  in  the  workbook,  such  as  answering  questions 
or  recording  elect ileal  measurements,  if  your  response  is  incorrect, 
restudy  the  information  with  instructor  assistance  if  needed.    Do  not 
hesitate  to  ask  the  instructor  questions.    You  will  find  that  many  of 
the  exercises  have  the  correct  answers  on  page  6.    After  you  have 
completed  all  the  exercises,  you  will  satisfactorily  complete  the 
progress  checic  assigned  by  the  instructor.    If  you  wish,  pages  12 
through  14  may  be  removed  for  your  convenience. 

Before  you  leave  your  trainer  for  scheduled  cr  unscheduled  breaks, 
make  sure  the  following  items  are  done. 

1.  Make  sure  the  SPST  switch  is  turned  OFF  in  the  circuit. 

2.  Make  sure  the  28V  DC  bus  bar  has  all  the  electrical  leads 
removed  from  it. 

3.  Make  sure  the  negative  (black)  bus  bar  has  all  the  electrical 
leads  removed  from  it. 
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4.      Make  sure  the  multimeter  is  properly  stored  during  this  period, 
a.      The  controls  on  the  meter  must  be  properly  set  for  storage. 


Supersedes  3ABR42331-WB-119,  31  October  1978. 
OPR:     3370  TCHTG 
DISTRIBUTION:  X 

3370TCHTG/TTGU-P  -  300;  TTVSA  -  1 


b.      Leave  the  test  leads  attached  to  the  meter* 

c«      Wrap  the  meter  leads  around  the  instrument, 

d*      Place  the  meter  on  the  locker  shelf. 

5,      Wher  ycu  return  from  the  break,  take  the  same  meter  and  go 
back  to  work. 

Exercise  1 

1.  Trainer  preparation  for  exei.  cities  2  and  3. 

a.  The  metal  plate  on  the  right  side  of  the  trainer  may  be 
raised  for  the  workbook  to  lay  on, 

b.  Sign  out  a  multimeter,  see  the  lab  instructor  if  assistance 

is  needed* 

c.  Make  sure  that  the  instructor  has  connected  power  to  the 
trainer*    You  will  do  this  by  measuring  the  power,  with  the  multimeter, 
at  the  positive  (red)  and  negative  (black)  bus  bar*    The  bus  bars  are 
located  in  the  lower  right  and  left  corners  of  the  trainer*    If  you 
donft  read  a  voltage  (24V  DC  ±  4V  DC),  see  your  instructor* 

o.      Make  sure  that  fuse  wire  is  across  the  fuse  holders  cf 
each  of  the  three  (3)  ammeters  on  the  trainer.    This  will  protect  the 
ammeter  internal  circuit  from  over  load*    If  the  fuse  wire  is  burnt  in 
two  or  is  missing,  see  your  instructor  for  assistance* 

e.  Pull  the  circuit  breaker  out  (open)  and  turn  OFF  (open) 
two  single  pole  single  throw  (SI ST)  switches. 

f .  Make  sure  all  lea  is  in  the  drawer  are  in  good  condition 
with  a  plug  at  both  ends.  If  ycu  find  any  damaged  leads,  give  them  m 
the  instructor. 

g«      Examine  the  electrical  lead  ends,  and  note  how  you  may 
connect  them  together  if  one  le\d  is  too  short*    See  your  instructor 
for  assistance  if  needed* 

Exercise  2 

2.  Build  a  series-parallel  circuit*    This  circuit  will  be  made 

up  of  two  loads  (light  bulbs)  in  parallel  with  each  other,  and  in  series 
with  one  load  (10  ohm  resistor). 

a.      Using  the  electrical  leads  from  the  drawer,  construct 
the  series-parallel  circuit  shown  in  figure  1.    This  consists  of  a  C/B 
(circuit  breaker),  SPST  switch,  two  light  bulbs  in  parallel  with  each 
other,  and  in  series  with  a  10  ohm  resistor* 


§21 


Note:  If  an  electrical  lead  Is  too  short,  you  may  connect  leads 
together  to  prevent  stretching  or  breaking  them. 


b.  Before  applying  power  to  your  series-parallel  circuit, 
be  sure  you  have  a  cotmnon  ground  for  the  two  light  bulbs  in  parallel; 
which  are  wired  in  series  with  a  10  ohm  resistor.  ' 

• 

c.  If  you  study  this  series-parallel  circuit  in  figure  1^ 
you  will  find  that  TF  power  is  applied,  electrons  will  flow  from  poitot  1, 
the  negative  (-)  bus  bar,  to  point  2,  then  from  p^int  2  they  will  divide 
and  some  will  flow  through  the  (right)  light  bulb  to  point  3  and  on  to 
point  5.    Looking  back  at  point  2  you  will  also  find  the  electrons  have 
another  path  to  flow.    They  will  flow  through  the  wire  to  point  4  and 

on  through  the  (left)  light  bulb  to  point  5.    After  the  electrons, 
which  have  been  divided  into  two  paths  through  the  light  bulb's  parallel 
circuit,  regroup  at  point  5,  they  will  enter  the  series  portion  of  this 
circuit.    The  electrons  will  leave  point  5,  moving  on  to  point  6  on  through 
the  resistor  to  point  7,  then  on  through  the  remaining  circuit  to  the 
positive  (+)  bus  bar  IF  power  is  applied. 

Exrrcise  3 

3.      Measuring  electrical  values  in  the  series-parallel  circuit 
constructed  on  the  trainer  from  figure  1. 

a.  Make  sure  the  circuit  from  figure  1  is  correctly  con- 
structed on  the  trainer  and  them  turn  ON  the  power  (SPST  switch  and 
C/B) .    Measure  and  record  the  voltage  readings  with  the  ^Multimeter 
as  required  in  figure  1. 

(1)  You  should  note  that  points  1,  2,  4  are  all  equally 
negative  in  the  circuit.    This  is  wty-you  can  put  the  meters  (-)  negative 
black  lead  at  either  point  to  measure  voltage  applied  across  each  bulb. 

« 

(2)  You  should  r,lso  note  that  the  total  voltage  applied 
can  be  measured  at  points  1  and  12.    You  may  also  add  the  reading  of  J 
points  6  &  7  to  the  applied  voltage  across  one  of  the  bulbs. 

b.  Measure  and  record  the  total  current  flow  in  the  circuit 
constructed  as  shown  in  fijure  2. 

c.  Measure  and  record  the  voltage  drop  across  the  10  ohm 
resistor  at  points  6  (-)  to  7  (+)  in  figure  L.. 

Note:    Leave  the  ammeter  connected  ir  the  circuit  until  instructed 
co  remove  xt. 

d.  Observe  the  ammeter  in  the  circuit  and  do  the  following: 

(1)    Using  a  short  lead  from  the  drawer,  you  will  connect 
it  across  the  resistor  from  points  6  &  7  as  shown  in  figure  3.  This 
will  simulate  the  effect  a  shorted  resistor  will  have  on  a  circuit. 


ERLC 


4 

922 


(a)    Note  the  light  brightened  because  resistance 
decreased  and  note  the  current  (amp)  increased. 

e.  Measure  ar.J  record  the  total  current  flow  in  the  circuit 
with  the  shorted  resistor  (simulated)  in  figure  3. 

f .  Leaving  the  circuit  connected  as  shown  in  figure  3,  measure 
and  record  the  voltage  reading  at  points  6  and  7  in  figure  3. 

g.  Answer  the  questions  in  figure  3. 

h.  Observe  the  ammeter  in  the  circuit  and  do  the  following: 

(1)  Remove  the  short  lead  ^om  points  6  and  7,  the  one 
across  the  resistor  shown  in  figure  3  used  to  simulate  a  shorted  resistor. 

(2)  Using  the  same  short  lead  you  will  now  connect  it 
across  either  light  bulb  (load)  in  the  parallel  circuit  part  of  this 

set  es-parallel  circuit      Either  across  points  2  and  3  or  points  4  and  5. 
We  show  it  across  points  4  and  5  in  figure  4,    Uote  the  amneter  reading 
increased  and  the  lights  both  go  out. 

(a)    If  you  trace  from  point  1  to  12,  you  wiH  find 
only  the  resistor  is  left  in  the  circuit  and  carrying  current  flow*  The 
cu^.-ent  will  flow  from  point  1  to  2  to  4  to  5  and  on  through  the  resistor 
to  point  12.    It  flows  around  the  light  bulbs  because  there  is  less 
opposition  to  current  flow  in  the  wires  from  points  2  through  5  then  l£1 
the  bulbs. 

i.  Measure  and  record  the  total  current  flow  in  the  circuit 
with  the  shorted  bulb  (simulated)  in  figure  4. 

j.      Leaving  the  circuit  connected  as  shown  in  figure  4, 
measure  and  record  the  voltage  reading  with  the  multimeter  as  required 
in  figure  4. 

k.      Answer  the  questions  in  figure  4. 

1.      Renove  all  the  leads  and  store  them  in  the  drawer  and 
report  to  your  instructor  for  a  progress  check  assignment. 


^  BEST  COPY  AVAILABLE 
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CORRECT  RESPONSES  FOR  FIGURES  1  through  4. 
Figure  1 


CHECKPOINTS 
2  -  3  or  1  -  3 
4  -  5  or  1  -  5 
6  -  7 
1-12 
Figure  2 
CHECKPOINTS 


VOLTAGE  READINGS 
8.5  ±  .5V  DC 
8.3  ±  .5V  DC 
16  ±  1.0V  DC 
Total      26  ±  3.0V  DC 


1-2 
6  -  7 

Figvra  3 

Total  current  flow  3.0  ±  .3  amps 
Voltage  points  6  and  7  0  volts 

1.  a 

2.  b 

CHECKPOINTS 
4-5 
1-2 
1.  a 


READINGS 
Total  current  1.6  ±  .4  amps 
Voltage  drop  16  ±  1.0  volts 


READINGS 

0_  volts 

2.2  ±  .2  amps 
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PROGRESS  CHECK  INSTRUCTIONS 


This  progress  check  will  require  you  to  correctly  construct  a 
series-parallel  circuit  and  measure  electrical  values  with  one  instructor 
assist  allowed  for  each  task  area.    An  instructor  assist  for  each  task 
area  is  defined  as  an  aid,  such  as  technical  direction  or  explanation 
given  to  the  student,  who  can  proceed  no  further  on  his/her  own.  The 
instructor  will  initial  your  work  after  you  satisfactorily  completed 
each  task  of  the  progress  check.     If  you  do  not  pass  the  progress  check, 
you  will  follow  the  instructions  given  by  the  instructor. 

You  will  not  communicate  (talk,  etc.)  with  other  students  during 
the  progress  check  without  your  lab  instructor's  permission. 

You  will  not  use  fellow  student fs  work  to  solve  the  problems  in 
this  progress  check. 

You  must  satisfactorily  complete  this  progress  check  before  further 
progression  to  other  lab  progress  checks. 

Have  your  lab  instructor  select  and  initial  on  page  8  or  9  the 
series-parallel  circuit  progress  check  you  are  to  draw  on  figure  5. 
Using  a  lead  pencil  only,  draw  in  the  series-parallel  circuit  leads 
between  the  various  symbols.  Later  you  will  conJtruct  this  circuit 
on  the  trainer.  After  you  have  satisfactorily  completed  the  progress 
check,  you  will  follow  the  instructions  on  page  11. 
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Instructor's  initials.    Assigned  progress  check  #1. 


After  completion  of  each  task  listed  below,  do  net  progress  until 
the  instructor  has  initialed  your  work  for  that  task. 

TASK  1       Draw  the  series-parallel  circuit.    This  circuit  will  be  made 
up  of  two  loads  (light  bulb  and  500  ohm  resistor)  in  parallel 
with  each  other,  and  in  series  with  one  load  (10  ohm  resistor), 
SPST  switch,  and  circuit  breaker  in  figure  5. 

Instructor's  initials.    Task  initials 


TASK  2       Construct  the  series-parallel  circuit  drawn  in  figure  5  on 
the  trainer  and  demonstrate  an  operations  check  for  the 
instructor. 

Instructor's  initials.    Task  initials 


TASK  3       Measure  and  record  the  electrical  values  required  below.  Take 
these  values  from  the  circuit  in  figure  5  assigned. 

Total  current  flow    amps. 

Total  voltage  to  the  circui*"   . 

Voltage  drop  across  the  bulb   • 

Voltage  drop  across  the  500  ohm  resistor   • 

Voltage  drop  across  the  10  ohm  resistor  . 


Instructor's  initials. 


Turn  to  page  11  for  further  instructions. 

Note:  If  the  instructor  provides  an  Instructor  assist  ior  a  task, 
the  instructor  will  initial  behind  task  initials  (see  objective). 

  Instructor's  initials.    Assigned  progress  check  #2, 


After  completion  of  each  task  listed  below,  do  not  progress  until 
the  instructor  has  initialed  your  work  for  that  task. 

TASK  1       Draw  the  series-parallel  circuit.    This  circuit  will  be  made 
up  of  two  loads  (light  bulb  and  10  ohm  resistor)  in  parallel 
with  each  other,  and  in  series  with  one  load  (10  ohm  resistor) , 
SPST  switch,  and  circuit  breaker  in  figure  5. 

Instructor's  initials.    Task  initials 
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TASK  2       Construct  the  series-parallel  circuit  drawn  in  figure  5  on  the 
trainer  and  demonstrate  an  operations  check  for  the  instructor. 

Instructor's  initials.    Task  initials 


TASK  3       Measure  and  record  th*»  electrical  values  required  belcw.  Take 
these  values  from  the  circuit  in  figure  5  assigned. 


Total  current  flow 


amps. 


Total  voltage  to  the  circuit 
Voltage  drop  across  the  bulb 


Voltage  drop  across  the  10  ohm  resistor  _ 
parallel  part  of  the  circuit. 

Voltage  drop  across  the  10  ohms  resistor 
series  part  of  the  circuit. 

Instructor's  initials. 


In  the 


In  the 


Turn  to  page  11  for  further  instructions. 

Note:  If  the  instructor  provides  an  instructor  assist  for  a  task, 
the  instructor  will  initial  behind  tr,sk  initials  (see  objectives). 
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Figure  5. 
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After  you  have  satisfactorily  completed  the  progress  check,  you 
will  do  the  following: 

1.  Put  all  the  good  leads  in  the  drawer  of  the  trainer. 

2.  Give  all  the  broken  leads  to  the  lab  instructor  with  the 
parts. 

3.  Place  the  work  table  in  the  down  position  on  the  trainer. 

A.      Return  the  multimeter  to  its  storage  cabinet.    Be  sure  the 
controls  on  the  meter  are  set  correctly  for  storage. 

5.      You  will  turn  in  your  work  to  the  lab  instructor  before  you 
leave  the  lab  area. 

Note:    You  may  review  any  part  or  all  of  this  workbook  if  you  wish, 
Lit  your  work  will  not  leave  the  lab  area  without  the  lab 
instructor's  permission. 
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CHECKPOINTS 

2  -  3  or  1  -  3 
4  -  5  or  1  -  5 

6-7 
1-12 


Figure  1. 

VOLTAGE  READINGS 

  volt 8 

  volts 

 volte 

Total  volt 8 


Correct  answers  are  on  page  6.    Go  to  step  "bM  in  exercise  3, 


CHECKPOINTS 


Figure  2. 

READINGS 


1-2  Total  current 

6-7  Voltage  drop 

Correct  answers  are  on  page  6. 


Go  to  step  "d"  in  exercise  3. 
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AMMETER  \  BLACK 

® 


amps  • 
volts. 


Figure  3. 


Total  c-rrent  flew 


amps. 


Voltage  points  6  and  7   

1*      The  current  flew  increased 


volts. 


b. 


because  the  total  resistance  in  the  series-parallel 
circuit  decreased  due  to  the  simulated  sho:  :  in  the 
resistor. 

because  the  total  resistance  in  the  series-parallel 
circuit  increased  due  to  c  e  simulated  open  in  the 
resistor. 


2. 


The  voltage  drop  across  point*  6  and  7 

a.  increased. 

b.  decreased. 
Correct  answers  are  on  page  6. 

to  step  "h"  in  exercise  3. 
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Figure  4. 

CHECKPOINTS  READINGS 


4-5   volts 

1-2    aups 


1.      The  current  flow  Increased 


a.  because  the  short  caused  the  total  resistance  to  decrease, 
allowing  the  current  flow  to  bypass  the  parallel  loads 
(bulbs)  causing  the  lights  to  go  out.    Current  flow  Is 
from  point  1  to  2,  not  through  the  right  light  bulb,  but 
around  it  over  to  po.'nt  4.    From  point  4  it  goes  around 
the  left  bulb  through  the  jumper  lead  to  point  'i  and  on 
through  the  resistor  over  to  the  positive  bus  bar. 

b.  because  the  short  caused  the  total  resistance  to  decreased 
allowing  the  lights  to  go  out  and  all  of  the  current  to 
flow  through  both  light  bulbs  and  not  the  resistor  and 

on  to  the  positive  bud  bar. 


Correct  answers  are  on  page  6. 


Go  to  step  "1"  in  exercise  3. 
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CUnute  AFB,  Illinois  61868-5000 


SERVICE  TEST 
C3ABR42331  000-HO-119 


SERIES-PARALLEL  CIRCUITS 

Solve  each  of  the  following  problems  for  the  indicated  unknown.    Put  your 
answers  on  ;he  appropriate  blanks.    Set  up  the  problems,  using  the  same  procedures 
as  in  the  last  frame. 


2. 


-WVr— 
E,*  V 


Rt"l2il 


14=  3o 


3. 


-VvV 


_L  e-MV 

e,*24V 


-AW— 
E4««V 


Hi' 
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I 
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-W\— 
I3-3o 


!4=lo 


,Ej=6V 


I  'rvv  


AAA?  'V^A/— 


Ets38Y 


■Wr- 
E4=4V 


I3=2a 


Ej^V 
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■wv- 


R|"2A 


e4«tv 


-WSr— 


-vw — 

15»I2V 


-WAr 


A 
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each  of  tha  following  problems  for  the  indicated  unknown, 
i  ut    H  t't  answers  on  the*,  appropriate  blanks* 
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f  v_v 


V 
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E3»«V 


V 


12V 


E/I2V 


X 


-vw — 


T 
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I 


— wv- 

E,=  6  V 


Et=24V 


•vw — 

l2=6a 


u. 


15. 


X 


-AW  


Rf-6A 


Ij=3n 


Solve  each  ot  the  following  p..-hlf>ms  for  the  Indicated  unknown. 
Put  your  answers  on  the  appropriate  Hanks* 
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INTRODUCTION  TO  RELAYS 
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3370  Technical  Training  Group 
Chanute  Air  Force  Base,  Illinois 


DESIGNED  FOR  ATC  COURSE  USE  
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OBJECT 


Relate  components  of  a  relay  sw        ,   circuit  to  their  purpose 
with  a  minimum  of  80%  accuracy* 


INSTRUCTIONS 


This  program  presents  information  in  small  stepa  called  frames. 
After  reading  each  frame,  slide  a  mask  (sheet  of  paper  or  cardboard) 
down  the  page  until  you  see  a  short  row  of  *Jsu*ties  (/////).    Read  the 
question;  answer  it  and  then  slide  ths  tml,~  down  unt  l  the  correct 
answer  is  ex^sed.    If  ynu  mi^s  a  co    »      answer,  or  you  are  not  sure, 
rcstudy  tb*  appropriate  frame. 


Supersedes  3ABR42331-Pf-120,  6  June  1980. 

OPR:  3370  T<"TGT 
DISTRIBUTION:  X 

3S70  TCHTG/TTGU-P  -  1000;      TVSA  -  1 
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Frame  1 


While  aircraft  and  missiles  are  not  really  human,  they  *re  capable  of 
doing  some  things  that  seem  almost  human.    They  can  respond  to  orders  just 
as  wr      .    Through  the  use  of  small  electrical  devices  called  "relays/9  they 
can  transmit  electrical  orders  to  mechanical  motors  to  operate  vital  parts 
of  the  aerospace  vehicle. 

/////////////// 

No  response  required 


Frame  2 

To  better  understand  a  relay,  we  will  examine  the  "working  part.. /' 
Below  is  a  coil  of  wire  that  will  be  used  as  an  electromagnet.    Perhaps  you 
re  all  that  as  current  flows  through  the  coil  a  irignetic  field  is  built  up 
around  the  colli    Like  any  magnet,  it  will  attract  any  nearby  metallic  object 
th*t  a  magnet  normally  attracts. 


WIRE  COIL 


///////////////// 

No  respopp*  required 


Frame  3 

A  soft  iron  core  is        into  the  center  of  the  coil.    Whil?  chis  bar  does 
not  actually  touch  the  coil  of  wire  or  have  electrons  flowing  through  it,  it 
does  make  the  magnetic  field  stronger  by  providing  an  easier  path  for  the 
magnetic  flux  to  travel. 


METAL  CORE 


WIRE  COU 


So  far  we  have  seen  that  a  relay  may  be  made  *p  of  %  coil  of 
and  a  soft  iron 


lllli  'I  I  III llll 1 1 
wire  corfc 
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Frame  4 


If  the  wire  ©  il  is  connected  to  a  battery,  a  magnetic  field  will  build 
up  around  the  coil .  The  field  will  reach  out  to  attract  any  object  that  is 
normally  attracted  by  magnets. 


////////////////// 
No  Response  Required 
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Frame  5 


Because  our  electromagnet  has  the  ability  to  attract  certain  metallic 
objects,  we  can  make  it  do  some  uu.al  work. 


Study  the  illustration  carefully  and  then  complete  the  statements  below 
by  un<*  rlining  the  correct  word(s). 

a.  The  CORE  is  actually  a  (soft-iron)  (hard  steel)  bar. 

b.  A  (battery)  (switch)  supplies  current  to  the  electromagnet. 

c.  Current  flews  through  the  (coil)  (core). 

d.  A  magnetic  field  flows  through  the  (coil)  (core). 

e.  current  is  CONTROLLED  by  the  (battery)  (switch). 

f .  If  the  switch  is  turned  on,  the  magnetic  field  will  (attract)  (repel) 
the  metal  bar. 

g.  The  spring  will  pull  the  metal  bar  back  to  its  original  position  if 
the  switch  is  turned  (on)  (off). 


1   METAL  BAR 


BATTERY 


CORE 


////////////// 


a. 


soft  iron.      b.  battery. 


coil. 


core. 


e. 


switch. 


attract. 


g.  off. 


c 
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Frame  6 


Study  this  illustration  carefully  and  complete  the  statements  that 
follow  by  underlining  t  «  correct  word(s). 


u 


METAL  tAR 


SPRING 


e- 


wire  c on 


BATTERY 


METAL  CORE 


a.  If  the  switch  is  closed,  the  metal  bar  will  (compress)  (stretch)  Che 
spring. 

b.  The  battery  supplies  current  to  the  (coil)  (core) « 

c.  Tne  switch  controls  current  through  the  (coil)  (core). 

d.  The  movable  parts  are  tie  (coil)  (coil  and  spring)  (metal  bar,  coil 
and  spring)  (spring  and  metal  bat:)* 

e.  The  strength  of  the  magnetic  field  is  determined  by  the  (spring) 
(current). 

f.  There  (is)  (is  no)  cut rent  flowing  in  the  coil  vith  the  switch  open. 

g.  There  (is)  (is  no)  current  flowing  in  the  upper  metal  bar. 

h.  The  only  purpose  of  the  spring  is  to  (pull  the  metal  bar  down) 
(push  the  metal  bar  away  from  the  core)< 

/////////////// 

a.    compress.       b.    coil.       c.    coil       d.    spring  and  metal  bar. 
e.    current.         f.    is  no.      g.    is  no. 
h.    push  the  metal  bar  away  from  the  core. 
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Frame  7 

Here  is  another  way  our  electromagnet  can  be  setup  to  pull  on  a  metal 
bar  (armature).    Notice  that  the  bar  is  pivoted  (hinged)  on  one  end.    It  can 
be  pushed  up  by  the  spring  and  wiled  down  by  the  electromagnet.    The  proper 
name  for  this  metal  bar  is  the  **MAXURE.    Complete  the  statements  below  by 
underlining  the  correct  word. 


PIVOT  POINT 


 ~)  AtM  1TURE 

w 

S  SPUING   'USHES  UP 

/W077IMOUNTED  SOLID 
ON  THI*  END) 


COll 


CORE 


K-540 


a.  The  battery  sends  current  into  the  pivoted  armature,    (true)  (false) 

b.  If  the  armature  is  hinged  at  the  pivot  point,  the  (right)  (left)  end 
ot  the  armature  will  move  down. 

c.  The  spring  will  return  the  axmature  to  its  normal  position  anytime 
the  switch  is  fopen)  (closed). 


//////////////////// 


a.    false.  b.  right. 

c.    o?en  (if  it  is  closed  the  magnetic  field  wiJl  pull  the  armature  down), 
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Frame  8 


In  this  illustration  we  have  adder*  something  new.    There  are  two  contacts 
labeled  "A"  and  "B."   Underline  the  correct  answer  after  you  have  carefully 
studied  this  illustration. 


A 


a.  If  the  switch  is  open,  the  armature  will  be  resting  against  contact 
(A)  (B). 

b.  If  the  switch  is  close Jf  the  armature  will  be  drawn  against  contact 
(A)  (B). 


c.  When  the  coil  is  turned  OFF,  the  armature  will  normally  rest  against 
contact  (A)  (B). 

d.  Current  from  the  battery  will  flow  through  the  armature,  (true) 
(false). 

//////////////// 
a.    A.  b.    B  c.  A 

d.    False  (Current  flows  only  through  the  coil). 
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For  a  moment,  let's  take  a  look  at  a  simple  circuit. 


All  we  need  to  dc  Is  close  the  switch  and  the  lamp  wilT  light.  The 
battery  supplies  curreut  to  light  the  lamp  when  the  switch  is  closed.  The 
switch  completes  the  path  from  the  battery's  negative  terminal  through  the 
lamp,  and  back  to  the  positive  terminal. 


/////////////// 

No  Response  Required 
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Frame  10 


Nov  ve  can  put  our  electromagnet  to  work.    Remember  ve  normally  turn  a 
switch  on  and  off  with  our  fingers.    What  is  to  keep  us  from  using  our 
electromagnet  to  open  and  close  the  circuit  between  the  battery  and  the 
lamp? 

Look  at  this  illustration  and  then  underline  the  correct  word  in  the 
statements  below. 


©-- 


a.  The  switch  controls  current  through  the  (coil)  (lamp). 

b.  Current  for  the  electromagnet's  coil  is  supplied  by  battery  (No.  1) 
(No.  2). 

c.  Current  for  the  lamp  is  supplied  by  battery  (No.  1)  (No.  2). 

d.  Current  will  flow  from  battery  No.  2  to  the  lamp,    (true)  (false) 

e.  The  current  that  lights  the  lamp  flows  through  the  (coil)  (core) 
(armature* • 

f .  After  the  switch  is  OPENED,  the  lamp  will  go  out  because  the  spring 
pushes  the  armature  away  from  the  contact,    (true)  (false) 

g.  Current  flows  through  the  pivot,  armature,  and  contact  to  get  to 
the  lamp,    (true)  (false) 

///////////// 
a.    coil        b.    No.  2        c.    No.  1        d.  false 
e •    armature        f •    t  rue        g .  true 
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Frame  11 

It's  time  to  give  our  electromagnet  and  armature  combination  a  name. 
From  here  on  it  will  be  referred  to  aa  a  RELAY. 

Label  the  parts  in  this  illustration  by  writing  the  appropriate  words  in 
the  spaces  provided. 


-<  > 


)  - 


iiiiiiiimir.i 


£.  ARMATURE 

CONTACT 


CONTACT 


E.  BATTERY 


>-*-RElAY  | 


CORE 


erJc 
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Frame  12 

This  is  also  an  illustration  of  a  relay.  Label  the  parts  by  writing  the 
appropriate  vord  in  the  space  provided. 


/////////////// 
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Frame  13 


Relays  are  actually  remotely  controlled  switches.    ,ni  example  of  their 
use  is  the  starter  solenoid  (relay)  in  your  car.     It  takes  a  LOT  of  current 
to  start  a  cold  engine.     If  the  battery  cables  are  too  lon0,  they  will  reduce 
the  amount  of  current  the  battery  can  deliver  to  the  starter  motor.    The  trick 
then  is  to  keep  the  battery  cables  short  and,  yet  not  have  to  get  out  of  the 
car  and  go  beneath  the  hood  just  to  close  a  switch  between  the  battery  and 
the  starter  motor.     This  is. an  illustration  of  one  way  in  which  it  is  done. 


STARTER 
SOLENOID  (RELAY) 


BATTERY 


GROUND 


BATTERY  CABLE 


QL-IHli 


STARTER  SWITCH 


STARTER  GROUND 
MOTOR 


Close  the  starter  switch  and  the  magnetic  field  pulxs  the  annate  e  of 
the  relay  down.    Now  current  can  flow  from  the  battery,  through  the  starter 
motor  and  armature  of  the  relay*  then  back  to  the  battery.    In  this  case,  Xt 
is  easy  to  see  how  a  very  small  wire  can  come  up  to  the  starter  switch  inside 
the  cai.    All  the  starter  switch  has  to  do  is  complete  the  circuit  from  the 
battery's  negative  terminal,  through  the  relay  coil  and  back  to  the  battery's 
positive  terminal  (or  to  the  chassis).    No  current  goes  from  the  relw  coil  to 
the  relay  armature.    It  is  the  magnetic  field  that  pulls  the  armature  down 
and  closes  the  contacts. 

////////////// 
No  Response  Required 
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Frame  14 


By  now  you  have  noticed  that  we  have  two  electrical  circuits  in  our  relay 
diagrams.    One  of  these  is  the  CIRCUIT  THAT  CONTROLS  THE  RELAY  causing  it  to 
turn  on  and  off.    The  parts  that  make  up  the  circuit  that  controls  the  relay 
are  the  - 


BATTERY 


Below  are  some  circuit  components.  Draw  a  line  between  them  to  show 
how  YOU  would  wire  them  to  make  a  circuit  that  CONTROLS  just  the  relay. 


////////////// 
Your  answer  should  resemble  this  drawing. 


A  TERMINAL 


ERIC 


958 

14 


Frame  15 


The  second  circuit  we  have  illustrated  is  the  CIRCUIT  THAT  IS  CONTROLLED 
BY  THE  RELAY.    It  is  usually  aade  up  of: 


A  SOUftCE 
OF  POWER 


0 


© 


AND  A  DEVICE  THAT 
USES  THE  ELECTRICITY 
SUCH  AS  A  LAMP 
OR  A  MOTOR 


C0] 


Draw  a  Una  between  the  components  below  to  show  how  you  would  wire  a 
CIRCUIT  THAI  IS  CONTROLLED  BT  A  RELAY. 


1 


© 


0 


i  5S3 


////////////////// 
Since  we  provided  the  "grounds,"  your  answer  should  resemble  this. 


/  s 


Notice  the  relsj  coil  is  NOT  wired  because  it  is  part  of  the  circuit  that 
CONTROLS  THE  RELAT . 
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Frame  16 


With  the  experience  you  have  just  gained  in  wiring  a  circuit  that  controls 
a  relay  and  a  circuit  that  is  controlled  by  a  relay,  draw  in  the  necessary 
vires  to  show  how  YOU  would  wire  both  a  circuit  that  controls  the  relay,  and 
the  circuit  that  is  controlled  by  the  relay,    YOU  MAY  USE  ONLY  ONE  BATTERY ♦ 


©i 

ej 


////////////////// 

Your  wiring  should  be  similar  to  this  -  (if  it  is  not,  have  your 
instructor  explain  what  must  be  done  to  correct  it). 
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Frame  17 

Below  are  several  illustrations  of  electrical  circuits*    Look  at  them 
carefully  and,  when  you  are  certain  which  kind  they  are,  label  them  "Relay 
Control"  for  those  circuits  that  simply  turn  the  relay  on  and  off,  and 
"Controlled  by  a  relay11  for  those  circuits  that  are  controlled  by  a  relay. 
Write  the  correct  answer  in  the  space  provided  next  to  each  illustration. 


////////////// 

1.    relay  control  2.    controlled  by  a  relay 

3.    controlled  by  a  relay  4.    relay  control 

17 
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Frame  18 


You  have  learned  that  the  circuits  can  be  divided  into  two  entirely 
different  circuits.    Study  the  circuit  illustration  below  and  underline  the 
correct  answer  to  the  questions  that  follow. 


a.  The  battery  supplies  energy  for  both  circuits,    (true)  (false) 

b.  The  switch  is  part  of  the  circuit  that  is  controlled  by  the  relay, 
(true)  (false) 

c.  The  motor  is  part  of  the  circuit  that  controls  the  relay,  (true) 
(false) 

d.  The  relay  coil  is  part  of  the  circuit  that  controls  the  relay, 
(true)  (false) 


////////////// 


a.  true 


b. 


false 


false 


d. 


true 
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Frame  19 


Symbols  are  used  to  represent  the  parts  we  have  been  working  with  so 
let's  get  acquainted  with  them.    It  saves  a  lot  of  time  if  you  recognize  the 
symbol  and  don't  have  to  draw  a  picture  of  the  battery,  relay,  etc.    In  the 
right  column  are  the  symbols  for  the  units  in  the  left  column.    Match  them 
by  drawing  a  line  from  the  symbol  to  the  device  it  represents. 


Prase  20 


A  relay  can  be  used  to  control  more  than  one  circuit*  Study  this  circuit 
for  a  few  minutes  then  underline  the  correct  answer  to  the  statements  below. 


a.  With  the  switch  in  the  position  shown,  (No.  1)  (No.  2)  (neither) 
lamp  is  lit. 

b.  If  the  switch  is  closed,  (No.  1)  (No.  2)  (neither)  lamp  will  light. 

c.  The  switch  lets  current  flow  to  both  lamps  if  it  is  closed,  (true) 
(false) 

d.  The  switch  controls  current  ONLY  through  the  relay  coil.,  (true) 
(false) 

e.  Which  circuit  is  NORMALLY  closed  when  the  relay  is  not  turned  on? 
(No.  1)  (No.  2) 


®NO.I  . 
— h 


NO. 2 


//////////////// 


No.  1 


b. 


No.  2 


False 


d. 


True 


No.  1 
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Frame  21 


You  saw  in  frame  20  that  the  relay  is  at  a  certain  position  when  it  is 
NOT  turned  on. 


-  so  we  labeled  its  upper  contact  (A)  as  NC  -  Normally  Closed. 

Contact  B  has  been  labeled  as  NO  -  Normally  Open  to  show  that  circuit 
as  being  open  when  the  relay  is  NOT  turned  on. 

Label  the  contacts  in  the  relay  illustrations  below  to  show  their  positions 
with  the  relay  at  rest  (not  turned  on)  •    You  may  abbreviate  them  NO  and  NC  - 


////////////// 


I 
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Fra*e  22 


As  with  switches,  relays  are  named  according  to  their  contact  arrangements. 
This  is  called  a  "Single  Pole,  Single  Throw"  relay. 


i 


A  "POLE"  is  the  place  where  current  enters  the  contacts  and  a  "THROW" 
is  the  position  the  relay  can  be  moved  to  in  order  to  complete  a  circuit. 
The  one  shown  above  has  a  "Single  Pole"  and  can  be  "thrown"  (pulled  down)  to 
complete  a  path.    Below  is  another  SPST  (single  pol*f  single  throw  contact 
arrangement). 


THROW 


/////////////// 
No  Response  Required. 
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Frame  23 


Study  the  illustration  below  and  notice  we  have  added  a  set  of  contacts. 


In  this  illustration  each  relay  has  TWO  poles  (places  for  current  to  enter 
the  contacts)  and  TWO  throws  (positions  to  which  the  relay  can  be  thrown  to 
complete  the  circuits).    If  the  relay  is  turned  off,  the  spring  moves  the 
contacts  to  their  original  (up)  resting  position  and  certain  circuits  are 
completed.    If  the  relay  is  turned  on,  the  contacts  are  thrown  down  to  com- 
plete different  circuits.    So,  this  relay  would  correctly  be  called  a  DPDT  or 
double-pole,  double-throw.    Select  the  correct  abbreviation  for  the  contact 
arrangements  below  by  underlining  the  correct  answer. 


/////////////// 
a     SPST         b.    SPOT         c.    DPDT         d.  SPST 

23  967 


Frame  24 


Did  you  identify  figure  tlbtt  in  frame  23  as  a  single  pole,  double  throw 
relay?    If  you  did,  EXCELLENT!    This  shows  you  are  capable  of  figuring  out 
these  arrangements  by  simply  remembering  that  the  contact  where  current 
enters  is  called  a  "POLE"  and  the  positions  it  can  be  "thrown"  to  are  called 
"throws."    Perhaps  you  also  noted  that  figure  'V  had  only  one  COMMON  POLE 
so  that  any  current  entering  this  pole  could  be  switched  to  either  the  upper 
(NC)  contact  or  the  lowei  (SO)  contact  depending  upon  which  position  the 
relay  is  thrown.    Take  another  good  look  at  the  figure  in  frame  18  to  see  an 
example  of  this  "common"  pole  of  the  single  pole,  single  throw  relay.  Here 
is  a  problem  to  stimulate  your  memory.    With  the  information  you  have  learned 
so  far  and  the  illustration  below,  underline  the  word  or  words  that  correctly 
fit  the  piece  being  pointed  to  by  the  arrows. 


(POLE)  (THROW) 
(POLE)  (THROW) 


(NO)  (NC) 
(NO)  (NC| 


XI 


(SPST|  (SPDT| 
(DPST|  (DPDT| 


X2 


(COIL)  (CORE) 
(COIL)  (CORE) 


/////////////// 


>(DPDT| 


J 


(CORE) 
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Frame  25 


Something  far  too  important  for  us  to  overlook  is  how  current  travels 
across  the  relay's  contacts.    We  have  shown  a  DPDT  relay  in  this  figure,  so 
you  can  see  the  path  current  flow*. 

Circuit  no  i 


POLE  NO  1 


POLE  NO  2  * 


«  CIRCUIT  NO  2 


•      CIRCUIT  NO  3 


«  CIRCUIT  NO  4 


COIL  CIRCUIT 


No  current  travels  from  Pole  No.  1  to  circuits  3  and  4  at  any  time. 
Pole  No.  1  carries  current  only  to  circuit  1  or  2.    Pole  No.  2  carries  current 
ONLY  to  circuits  3  or  4,  NEVER  to  circuits  1  and  2. 

Incidentally,  so  you  won't  misunderstand,  the  actual  contacts  on  a  relay 
will  be  labeled  according  to  the  manufacturer's  own  desire.    We  labeled  them 
as  shown  here  so  you  would  know  which  ones  we  are  talking  about  in  our  explana- 
tions.   It  is  necessary  that  you  fully  understand  how  current  travels  from 
a  pole-out  through  the  contacts.    Actually,  there  is  some  type  of  insulator 
between  the  upper  (No.  1)  and  lower  (No.  2)  armature  poles  so  that  current 
cannot  possibly  get  from  one  armature  pole  to  the  other.    Our  relay  is  made 
this  way  so  we  can  CONTROL  TWO  circuits  at  the  same  time  with  only  one  switch. 
Draw  a  relay  circuit  that  controls  two  different  light  bulbs  separately.  You 
may  use  - 

1.  a  switch. 

2.  a  relay. 

3.  ONE  battery. 

4.  Two  lamps. 

5.  ONLY  the  CORRECT  circuit  symbols. 

////////////// 

Your  circuit  should  closely  resemble  the  illustration  in  frame  20. 


969 

25 


Frame  26 


This  concludes  our  presentation  of  relay  construction  and  operation.  It 
is  by  no  means  all  you  can  learn  about  these  wonderful  devices.    It  is  enough 
to  enable  you  to  actually  wire  a  relay  into  a  circuit  and  observe  its  opera- 
tion as  it  controls  a  lamp. 

You  will  apply  what  you  have  learned  in  the  relay  PROJECT. 


END  OF  TEXT. 
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RELAY  SWITCHING  CIRCUIT  PERFORMANCE 

OBJECTIVE 

Using  a  DC  fundamental  trainer,  construct  a  relay  switching  circuit 
and  measure  electrical  values  with  one  instructor  assist  allowed  for 
each  task  area. 

EQUIPMENT 

Trainer,  P/N  521685 
Multimeter 

SAFETY 

CAUTION:    Remove  watches,  rings,  bracelets,  ~tc.f  before  starting 
any  work  on  the  equipment*    It  is  also  a  good  safety  practice  to 
work  or*  the  equipment  with  one  hand.    This  practice  reduce*  the 
chances  of  receiving  an  electrical  shock  to  some  vitel  body 
organ  when  working  with  electricity.   Also  remember  that  light 
bulbs,  resistors,  etc.,  do  get  HOT  and  could  burn  the  skin. 

PROCEDURE 

Pay  close  attention  to  all  directions  that  you  are  given  In  Jfhe 
workbook.    When  performing  in  the  workbook,  such  as  os^e^ing  question* 
or  recording  electrical  measurements,  if  your  response  is  incorrect. 
restudy  the  information  with  instructor  assistance  if  needeg*   Vc  no$ 
hesitate  to  ask  the  instructor  questions.   You  will  find  thft  punoy  pf 
the  exercises  have  the  correct  answers  on  pages  5  and  6*    After  you 
have  completed  all  the  exercises  you  will  satisfactorily  complete  the 
progress  check  assigned  by  the  instruct  r.    Pages  13  through  1$  may,  if 
you  wish,  be  removed  for  your  convenience. 

When  you  leave  your  trainer  for  scheduled  or  unscheduled  breaks 
insure  the  following  are  done  before  you  go, 

1.  Insure  the  SPST  switch  is  turned  OFF  *n  the  circuit. 

2.  Insure  the  28  VDC  bus  bar  (red)  has  all  the  electrical 
leads  removed  from  it. 

3.  Insure  the  negative  (black)  bus  bar  has  all  t;he  electrical 
leads  removed  from  it. 

4.  Insure  the  multimeter  is  properly  stored  during  this  period, 
a.     Insure  the  controls  on  the  metei*  are  prcc  rly  set  for 

storage. 

Supersedes  3ABR42331-WB-111C,  29  July  1977. 
OPR;    3370  TCHTG 
DISTRIBUTION:  X 
3370TCHTG/TTGU-P  -  400;  TTVSA  -  972 
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Basis  of  Issue 

l/student 

1/student 


b. 


Leave  the  test  leads  attached  to  the  meter. 


c.      Wrap  the  meter  leads  around  the  instrument. 


d*      Place  the  meter  on  the  locker  shelf. 

5.      When  you  return  from  the  break  take  the  same  meter  and  go 
back  to  work. 

Exercise  1 

1.      Trainer  preparation  for  Exercises  2  through  4. 

a.  The  metal  plate  on  the  right  side  of  the  trainer  may  be 
raised  for  the  workbook  to  lay  on. 

b.  Sign  out  a  multimeter,  see  the  lab  instructor  if 
assistance  is  needed. 

c.  Insure  that  the  instructor  has  connected  power  to  the 
trainer.    You  will  do  this  by  measuring  the  power  with  the  multimeter 
at  the  positive  (red)  and  negative  (black)  bus  bar.    The  bus  bars  are 
located  in  the  lower  right  and  left  corners  of  the  trainer*    If  you 
don't  read  a  voltage  (24  VDC  +  4  VDC)  see  your  instructor. 

d.  Insure  that  fuse  wire  is  across  the  fuse  holders  of 
each  of  the  three  (3)  ammeters  on  the  trainer *    This  will  protect  the 
ammeter  internal  circuit  from  overload.    If  the  fuse  wire  is  burned 
in  half  or  is  missing  see  your  instructor  for  assistance. 

e.  Pull  the  circuit  breaker  out  (open)  and  turn  OFF  (open) 
two  (2)  single  pole  single  throw  (SPST)  switches* 

f.  Insure  all  leads  in  the  drawer  are  in  good  condition 
with  a  plug  at  both  ends*    If  you  find  any  damaged  leads,  give  them 

o  the  instructor. 

g*      Examine  *  jtrical  lead  ends,  and  note  how  you  may 

connect  them  if  one  lead  j.3  zoo  short.    See  your  instructor  for 
assistance  if  needed* 

Exercise  2 

2*  BuiL~  a  circuit  which  controls  the  relay  in  a  relay  switching 
circuit*  This  circuit  will  be  made  jp  of  one  (1)  load  (the  relay  coil) 
with  a  SPST  switch  and  a  circuit  breaker. 

a*      Using  the  electrical  leads  from  the  drawer  construct 
the  relay  control  circuit  shown  in  figure  1  on  page  13*    This  consists 
of  a  C/B,  SPST  switch,  and  the  relay  coil* 

Note:    If  an  electrical  lead  is  too  short  you  may  connect 
leads  together  to  prevent  stretching  or  breaking  them* 

q  b.      Before  applying  power  to  your  circuit,  constructed  to 

ERIC         control  the  relay,  be  sure  yo\\  have  the  wires  hooked  up  as  shown  in 
hAo         figure  1.  <  ^973 


c.      If  you  study  this  circuit  you  will  find  that  the  rel<y 
coil  control  circuit  is  nothing  more  than  a  series  circuit  with  the 
coil  as  the  load. 


d.      Answer  the  question  below  figure  1  on  page  13. 

Exercise  J 

3*      This  exercise  will  help  you  build  a  circuit  which  is 
connected  at  the  relays  "NO"  contacts*    This  circuit  will  be  made  up 
of  two  (2)  loads  (light  bulbs)  in  parallel,  wired  through  the  relays 
"COM"  and  "NO"  contacts  and  connected  to  the  C/B. 

a.  Using  the  electrical  leads  from  the  drawer  construct 
the  circuit  being  controlled  by  the  relay  armature,  as  shown  in 
figure  2  on  page  14.    This  circuit  consists  of  two  (2)  light  bulbs, 
the  relay  armature  with  its  contacts,  and  the  C/B. 

b.  The  wire  between  the  "COM"  point  and  the  C/B  will  be 
connected  to  the  negative  side  of  the  C/B.    This  is  the  side  of  the 
C/B  which  does  not  have  the  wire  connected  to  the  bus  bar.  This 
way,  the  C/B  cap  protect  all  the  circuits* 

c.  If  you  have  correctly  wired  the  circuit  you  will  be 
able  to  turn  on  the  lights  by  moving  the  SPST  switch  to  ON.  Remember, 
the  SPST  switch  controls  power  to  the  relay  coil,  the  current  flow 
throufc    the  coil  creates  a  magnetic  field,  the  magnetic  field  pulls 
down  the  armature  allowing  current  to  flow  through  the  bulbs. 

d.  When  the  SPST  switch  is  opened  (OFF),  current  is  cut 
off  to  the  relay  coil,  the  magnetic  field  disappears,  the  armature 
is  pulled  up  by  a  spring  which  cuts  off  the  current  flow  through  the 
bulbs* 

e.  Answer  the  auestions  below  figure  2  on  page  14. 

Exercise  4 

4.      This  exercise  will  help  you  build  a  circuit  which  is 
connected  a*  the  relays  "NC"  contacts.    This  circuit  will  be  made 
up  of  two  (2)  loads  (light  bulbs)  in  series,  wired  through  the  relays 
"COM"  and  "NC"  contacts  and  connected  to  the  C/B. 

a.  Using  the  electrical  leads  from  the  drawer  construct 
the  series  circuit  being  controlled  by  the  relay  armature,  as  shown 
in  figure  3  on  page  15.    This  circuit  is  connected  to  the  "NC" 
contact  of  the  relay  and  consists  of  two  (2)  light  bulbs  in  series, 
the  relay  armature  with  its  contacts  and  the  C/B. 

b.  The  wire  between  the  "COM"  and  the  C/B  is  the  same  wire 
you  used  in  exercise  3.    You  now  can  see  how  it  serves  a  dual  purpose 
for  the  "NC"  and  the  "NO"  contacts  of  the  relay.    The  C/B  serves 
several  circuits,  the  relay  coil  circuit,  the  light  bulb  parallel 
circuit  on  the  "NO"  contacts  (exercise  3),  and  the  light  bulb  series 

q  circuit  on  the  "NC"  contacts  constructed  in  this  exercise. 

4  974 


c.      If  you  correctly  wired  the  circuit  in  figure  3  you 


will  be  able  to  turn  on  the  light  bulbs  in  the  parallel  circuit  by 
moving  the  SPST  switch  to  the  ON  position,  and  if  you  move  the  SPST 
switch  to  the  OFF  position,  you  will  turn  OFF  the  parallel  circuit 
and  turn  ON  the  light  bulbs  in  the  series  circuit. 


d.     Alec  note  that  when  power  is  applied  to  the  relay  coil 


the  light  bulbs  connect  to  the  "NO"  circuit  illuminate  (light)  and 
if  power  is  cut  off  to  the  relay  coil  the  light  bulbs  connected  to  the 
"NC"  circuit  illuminate. 


e.  Answer  the  questions  below  figure  3  on  page  15, 

f .  If  you  haw  any  questions  about  the  exercises  you 


have  just  completed,  ask  /our  instruccor  NOW, 


g.      Remove  all  the  leads  and  store  them  in  the  drawer  and 


report  to  your  instructor  for  a  progress  check  assignment. 

Correct  responses  for  figures  1  through  3. 
FIGURE  1 

Total  applied  voltage  24  VDC  +  4  VDC. 

Voltage  drop  across  the  relay  coil  is  24  VDC  +  4  VDC. 


1.  a 

2.  a 

3.  b 

4.  b 

5.  b 


Right  lamp  24  FDC  +  4  VDC 
Left  lamp  24  VDC  +  4  VDC 

Voltage  drop  across  the  relay  coil  is  24  VDC  +  4  VDC 

Total  current  flow  through  only  the  light  bulbs  is  3  amp  +0.4  amp. 


FIGURE  2 


1. 
2. 
3. 
4. 


a 


a 
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FIGURE  3 

Right  lamp  12  VDC  +  2  VDC 
Left  lamp  12  VDC  +  2  VDC 

Total  current  flow  In  the  light  bulb  series  circuit  is  1  amp  +0.4  amp 

1.  b 

2.  a 

PROGRESS  CHECK  INSTRUCTIONS 

This  progress  check  will  require  you  to  correctly  construct  a 
relay-switching  circuit  and  measure  electrical  values  with  one 
instructor  assist  allowed  for  each  task  area.    Instructor  assist  for 
each  task  area  is  defined  as  an  aid,  such  as  technical  direction  or 
explanation  given  a  student,  who  can  proceed  no  further  on  his/her  own. 
The  instructor  will  initial  your  work  after  you  satisfactorily  complete 
each  task  of  the  progress  check.    If  you  do  not  pass  the  progress  check 
you  will  follow  the  instructions  given  by  the  instructor. 

You  will  not  communicate  (talk,  etc)  with  other  students  during 
the  progress  check  without  your  lab  instructor's  permission. 

You  will  not  use  fellow  students  work  to  solve  the  problems  in 
this  progress  check. 

You  must  satisfactorily  complete  this  progress  check  before 
further  progression  to  other  lab  progress  checks. 

Have  your  lab  instructor  select  and  initial  on  page  6  or  8, 
the  relay-switching  circuit  progress  check  you  are  to  draw  on  the 
figure  on  page  10. 1  Using  a  lead  pencil  only,  draw  in  the  relay- 
switching  circuit  leads  between  the  various  symbols.    Later  you  will 
construct  this  circuit  on  the  trainer.    After  you  have  satisfactorily 
completed  the  progress  check  you  will  follow  the  instructions  on  page  11* 

  Instructor's  initials.    Assigned  progress  check  1. 

STUDENT'S  FAME   ,  t 

Last  First  MI 

After  completion  of  each  task  listed  do  not  progress  until  the 
instructor  has  initialed  your  work  for  that  task. 

TASK  1  -    Draw  a  relay  control  circuit  in  the  figure  on  page  10.  This 
circuit  will  be  made  up  of  a  C/B,  SPST  switch,  and  relay  coll. 

 Instructor's  initials  for  first  instructor  assist. 


  Instructor's  initials  for  second  instructor  assist  which  is 

failing. 

q  .  Instructor '8  initials  for  progression. 

ERIC  6  976 


TASK  2  -    Draw  a  parallel  circuit  controlled  by  the  relay  in  the 

figure  on  page  10.    This  circuit  will  be  made  of  two  (2) 
loads  (a  light  bulb  and  a  10  ohm  resistor)  in  parallel, 
wired  to  the  "NO"  contact  of  the  re.     .    Also  draw  in 
tl       -*er  lead  between  the  C/B  and  the  "COM"  of  tha  relay. 
These  cwo  (2)  loads  will  share  a  common  ground  wire. 

  Instructor's  initials  for  first  instructor  assist. 

,  Instructor's  initials  for  second  instructor  assist  which  is 

failing. 

  Instructor's  initials  for  progression. 

TASK  3  -    Draw  a  series  circuit  controlled  by  the  relay  in  the  figure 
on  page  10.    This  circuit  will  be  made  up  of  two  (2)  loads 
(light  bulbs)  in  series,  wired  to  the  "NC"  contact  of  the 
relay.    This  series  circuit  will  share  the  common  ground 
wire  used  for  the  parallel  circuit  above. 

 Instructors  initials  for  first  instructor  assist. 


    Instructor's  initials  for  second  instructor  assist  which  is 

failing. 

  Instructor's  initials  for  progression. 

TASK  4  -    Construct  the  relay-switching  circuit  drawn  in  the  figure 
on  the  trainer  and  demonstrate  an  operations  check  for  the 
instructor. 

  Instructor's  initials  for  first  instructor  assist* 

  Instructor's  initials  for  second  instructor  assist  which  is 

failing. 

  Instructor's  initials  for  progression. 

TASK  5  -    Measure  and  record  the  electrical  values  required  below. 

Take  these  values  from  the  circuit  in  the  figure  on  page  10 
assigned.    Total  current  flow  for  only  the  circuit  connected 

to  ;he  "NO11  contact  of  the  relay  is   amps* 

Voltage  drop  across  the  resistor  in  the  parallel  circuit 

connected  to  the  "NO11  is   volts. 

Voltage  drop  across  the  left  light  in  the  series  circuit 
connected  to  the  MNC"  is   volts . 

 Instructor's  initials  for  first  instructor  assist. 

,  Instructor's  initials  for  second  instructor  assist  which  is 

failing. 

 Instructor's  initials  for  progression  and  satisfactory 

completion  of  this  progress  check. 

Turn  to  page  11  fur  further  instructions. 

Note:    If  the  instructor  provides  an  instructor  assist 
for  a  task,  the  instructor  will  initial  as  required. 
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  Instructor's  initials.    Assigned  progress  check  2. 

STUDENT'S  NAME  

Last  ~    First  MI 

After  completion  of  each  task  listed  do  not  progress  until  the 
instructor  has  initialed  your  work  for  that  task. 

TASK  1  -    Dra,r  a  relay  control  circuit  the  figure  on  page  10.  This 

circuit  will  be  made  up  of  a  C/B,  SPST  switch,  and  relay  coil. 

  Instructor's  initials  for  first  instructor  assist. 

  Instructor's  initials  for  second  instructor  assist  which  is 

failing. 

  Instructor's  initials  for  progression. 

TASK  2  -    Draw  a  parallel  circuit  controlled  by  the  relay  in  the  figure 
on  page  100    This  circuit  will  be  made  up  of  two  (2)  loads  (two 
(2)  light  bulbs)  in  parallel,  wired  to  the  "NO11  contact  of  the 
relay.    Also  draw  in  the  power  lead  between  the  C/B  and  the 
"COM"  of  the  relay.    These  two  (2)  loads  will  share  a  conmon 
ground  wire. 

  Instructor's  initials  for  first  instructor  assist. 

  Instructor's  initials  for  second  instructor  assist  which  is 

failing. 

  Instructor's  initials  for  progression. 

TASK  3  -    Draw  a  series  circuit  controlled  by  the  relay  in  the  figure 
on  page  10«    This  circuit  will  be  made  up  of  two  (2)  loads 
(a  light  bulb  and  a  10  ohm  resistor)  in  series,  wired  to  the 
"NC"  contact  of  the  relay*    This  series  circuit  will  share 
the  common  ground  wire  used  for  the  parallel  circuit  above. 

Instructor's  initials  for  first  instructor  assist. 

  Instructor's  initials  for  second  instructor  assist  which  is 

failing. 

  Instructor's  initials  for  progression. 

TASK  4  -    Construct  the  relay  switching  circuit  drawn  in  figure  on 

page  10,  on  the  drainer  and  demonstrate  an  operation  check 
for  the  instructor. 

  Instructor's  initials  for  first  instructor  assist. 

  Instructor's  initials  for  second  instructor  assist  which  is 

failing. 

Instructor's  initials  for  progression. 
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5  -   Measure  and  record  the  electrical  values  required  below. 
Take  these  values  from  the  circuit  in  figure  on  page  20 
assigned.    Total  current  flow  for  only  the  circuit  connected 
to  the  ,fNCM  contact  of  the  relay  is  amp*. 


Voltage  drop  across  the  resistor  in  the  series  circuit 
connected  to  the  "NC"  is   volts. 


Voltage  drop  across  the  left  light  in  the  parallel  circuit 
connected  to  the  "NO"  is   volts. 


  Instructor's  initials  for  first  instructor  assist* 

  Instructor's  initials  for  secona  instructor  assist  which  is 

failing. 

  Instructor's  initials  for  progression  and  satisfactory 

completion  of  this  progress  check. 

Turn  to  page  11  for  further  instructions. 

Note:    If  the  instructor  provides  an  instructor  assist 
for  a  task,  the  instructor  will  initial  as  required. 
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After  you  have  satisfactorily  completed  the  progress  check  you 
will  do  the  following: 

1.  Put  all  the  good  leads  in  the  drawer  of  the  trainer. 

2.  Give  all  the  broken  leads  to  the  lab  instructor  with  the 
parts. 

3.  Place  the  work  table  in  the  down  position  on  the  trainer. 

4.  Return  the  multimeter  to  its  storage  cabinet.    Be  sure  the 
controls  on  the  meter  are  set  correctly  for  storage. 

5.  You  will  turn  in  your  work  to  the  lab  instructor  before  ycu 
leave  the  lab  area* 

Note:    You  may  review  any  part  of  all  of  this  workbook  if 
you  wish,  but  your  work  will  not  leave  the  lab  area  without 
the  lab  instructor's  permission* 
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Total  applied  voltage  . 

Voltage  drop  across  the  relay  coil  is   volts. 

Circle  the  correct  answer  below* 

1.  The  circuit  you  have  constructed  will  magnetize  the  relay  coil 
and  cause  its  armature  contacts  to  be  pulled  down. 

a.  True 
b •  False 

2.  For  the  relay  to  operate,  BOTH  the  circuit  breaker  and  thfc  SPST 
switch  must  be 

a.  closed. 

b •      opened . 

3.  When  the  relay  is  turned  ON  the  armature  will  complete  the  path 
between  the  "common11  (COM)  pole  and  the  "normally  open11  (NO) 
and  the  "normally  close"  (NC)  contacts.  \ 

a.  Yes 

b.  No 

4.  The     |  pulls  the  armature  down. 

a.  SPST  switch 

b.  magnet  field 

5.  The  circuit  breaker  is  provided  to 

a.  permit  turning  the  relay  on  and  off  normally. 

b.  open  the  circuit  in  case  the  circuit  becomes  shotted. 
Correct  answers  on  page  5* 
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Voltage  drop  across  the  lamps  or  the  trainer*         Right  lamp  volts. 

Left  lamp   volts, 

Voltage  drop  across  the  relay  coil  is   volts. 

Total  current  flow  through  only  the  light  bulbs  is    amps. 

1.  The  two  light  bulbs  in  parallel  are  directly  controlled  by  the 

a.  SPST  switch. 

b.  relay  armature* 

2.  The  relay  armature  is  controlled  by  the 

a.  magnetic  field. 

b.  SPST  switch. 

3.  The  magnetic  field  is  controlled  by  the 

a.  SPST  switch. 

b.  C/B. 

4.  The  SPST  switch  is  controlled  by  the 

a.  C/B. 

b.  circuit  operator  (you). 
Correct  answers  on  page  5. 

Go  to  exercise  4. 
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Figure  3. 
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Voltage  drop  across  the  lamps  on  the  trainer  in  only  the  series  circuit. 
Right  lamp  volts. 
Left  lamp  volts. 

Total  current  flow  in  the  light  bulb  series  circuit  is  _______  ampa. 

1.  When  the  SPST  switch  is  in  the  ON  position 

a.  all  four  (4)  lights  are  to  light. 

b.  only  the  lights  in  the  parallel  circuit  will  light. 

2.  The  ammeter  will  show  the  total  current  flow  in 

a.  only  the  parallel  circuit  when  the  SPST  switch  is  ON. 

b.  both  light  bulb  circuits  and  the  relay  coil  circuit  when  the 
SPST  switch  is  ON. 

Correct  answers  on  page  6. 

Go  to  exercise  4,  step  11  f". 
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Mechanical  energy  which  has  been  converted  from  electrical  energy 
la  used  In  many  different  applications.    You  will  be  working  or  equip- 
ment that  contains  some  form  of  energy  conversion.    Therefore 9  an  under- 
standing of  the  devices  providing  energy  conversion  are  essential  If 
you  are  to  become  good  In  your  field. 

There  are  many  devices  which  convert  energy.    Our  discussion  will  be 
limited  to  a  device  which  changes  electrical  energy  Into  mechanical  energy 9 
the  motor.    Motors  are  normally  classified  according  to  the  voltage  or 
current  used,  that  Is,  AC  or  DC.    In  this  text  we  will  dlscusn  the  series 
and  shunt  DC  motors. 

////////////////////////////////////////////////////////////////////////// 
 No  Response  Required 

Frame  2 

As  you  have  already  learned,  a  magnetic  field  exists  around  any  current- 
carrying  conductor.    The  strength  of  this  magnetic  field  depends  upon  the 
amount  of  current  flowing  In  the  conductor*    When  this  current-carrying 
conductor  Is  placed  In  a  fixed  magnetic  fields  the  reaction  of  the  two  mag- 
netlc  fields  will  cause  the  conductor  to  move  out  of  the  fixed  field.  The 
amount  and  direction  of  this  force  resulting  from  the  Interaction  between 
the  conductor's  magnetic  field  and  the  fired  magnetic  field  determines  the 
speed  of  the  motor  and  its  direction  of  rotation.   All  motors  operate 
on  the  same  fundamental  principle 9  the  force  exerted  on  the  current- 
carrying  conductor  when  It  Is  placed  In  a  magnetic  field. 

Check  the  following  statements  that  are  TRUE. 

1*    A  magnetic  field  exists  around  all  current-carrying  conductors. 

2.  The  strength  of  the  magnetic  field  around  a  current-carrying 
conductor  depends  upon  the  amount  of  current  flow  In  the  conductor. 

3.  The  fundamental  principle  of  operation  of  any  motor  Is  that  force  Is 
exerted  on  a  current-carrying  conductor  when  placed  in  a  magnetic 
field. 
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Answers  to  Frame  2:      /   I.         ^   2.         j  3. 


Frame  3 

The  force  which  a£ts  J»  the  currant-carrying  wire  (conductor)  when  It  is  placed 
in  the  field  of  a>«|Mt  is  at  right  angles  to  the  wire.    1JL  Jj  nlso  «t  right 
angles  t<T  the  M^jpetlc  ftgld  set       by  the  magnet,    Thg.  action  of  thip  force 
upon  th£  current-car  tying  conductor  Ts  shown  below,    The  illustration 
shows  a  nixm  located  between  %tm  magnet's  poles. _The_ lines ^of  force 
in  the  magnetic  field  are  trom  the  north  pole  to  the  mouth  pole  (exter- 
nally).   When  no  current  flows  np  forse  Is  exerted  on  t&e  conductor. 


lOCAffSW  A 


Complete  the  following  statements. 

!•     A  field  exists  around  any  cur  ren t- carrying 

conductor. 

2.      Unless  current  is  flowing  within  a  conduct  or  9  no 
<3  exerted  upon  it,  even  when  in  a  magnetic  field. 
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Answers  to  Frame  3:    Magnetic— Force 


Fr 


When  current  flows  through  the  condu  :or,  ajuagnetic  field  is  set  up 
about  it,  as  is  shown  in  the  illustration. 


WMI  WITH  CUtftiN? 
AND  ACCOMPANYING  NHO 


The  direction  of  the  field  around  thfe  current-carrying  conductor  depends 
onJ*?  direcrion^of  current  flow.    Current  in  one  direction  createa^clock- 
wise  field  about  the  conductor.    Current  in  the  other  direction  creates  a 
counterclockwise  £JLeld.  ^ 

J2o  you  remembex7the  rule  for 
determining  direction  of  rotation 
of  the  magnetic  field?    The  rule 
states  "Grasp  the  conductor  in  the 
left  hand.    The  thumb  points  in  the 
direction  of  current  flow.  The 
fingers  will  point  In  the  direction 
of  the  magnetic  lines  of  force 
around  the  conductor/1 


MICTION  Ot  MB 


UFT  HAND  TNUMS  Ul 


Study  the  diagram  above  and  answer  the  following  question. 


With  current  flowing  through  the  conductor  in  the  direction  of  the 
arrow,  (you  are  standing  at  the  left  end  of  the  conductor  looking  towards 
the  right  end)  the  magnetic  field  will  rotate  in  a  direction? 

(Counterclockwise)  (Clockwise) 
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Anewar  to  Fran*  4:  Countarclockwiae 


Ftene  5 

The  fore*  which  act*  upon  the  current-car trying  conductor  whan  It  io. 
placed  between  the  polce  of  th*  aagaat  wlU  drive-  the  conductor  out  of  too 
field.    The  direction  of  tWLa  fore*  is  ahown  below*   Not*  that  fha  nagae tta 
Hnee  of  force  below  tba  conductor  are  In  the  earn  direction  a*  fin*  line* 
of:  force  arouad  the  conductor.    Thee*  two  force*  add  and  oftraatThen  the 
aagnetlc  field  below  th*  conductor.   Tba  Unaa  of  fore*  aaam  the  conductor 
oppoaa  the  aagaet'a  Una*  of  fore*.   Thi*  action,  maketa.  tba  nafoeMn  fined 
above  the  conductor*   The  coablnation,  of  tha  a  treat,  UaJ4  below  th*  can* 
dbctor  and  tha  weak  field,  ahev*  the  render tor  producee  force  which  drive* 
the  conductor  up.    The  conductor  la  «i»ar»  eney  fro*  tha  aid*  where 

the  fiald  le  etroannai: «  tt 


Identify  tba  following  etatenanta  a*  true  (T)  or  falae  (F) . 

1.  A  current  carry lna-coodactor  placed  between  the  polee  of  a.  uagnet 
i*  not  effected  by  the  nagnerir  field, 

2.  With  currant  flowing  aa  ahown  la  the  iliuetretion,  the  conductor  will 
be  pushed  up. 

////////////////////////////////////////////////////////////////////////// 

F    1.       T  2. 


991 


9 

ERIC 


Frame  6 


If  the  current  flow  through  the  conductor  were  reversed  in  direction, 
the  two  fields  v\,uld  add  at  the  top  and  subtract  at  the  bottom.    Since  a 
conductor  is  always  pushed  away  from  the  strong  field,  the  conductor  would 
be  pushed  down.    The  direction  of  motion  can  be  determined  easily  as  the 
following  illustration  shows.    Don't  confuse  this  rule  with  the  left  hand 
rule  which  is  used  to  determine  the  polarity  of  a  coil.    This  is  called 
the  Right  Hand  Motor  Rule  and  states  "Point  the  index  finger  of  the  right 
JUDti  in  the  direction  of  the  magnet's  external  magnetic  field  (N  to  S). 
The  second  finger  pointed  in  the  direction  of  current  flow.    The  thumb  will 
indicate  the  direction  of  motion.11 


Complete  the  following  statement. 

The  Right  Hand  Rule  is  used  to  determine  the  direction  of  conductor 


////////////////////////////////////////////////////////////////////////// 

Motion 


Frame  7 


We  now  know  how  a  current-carrying  conductor  moves  in  a  magnetic 

Zflh  iiBt  H  determlne  how  this  action  is  put  to  use  in  a  notor.  Although 
DC  and  AC  motors  operate  on  the  principle  Jusf  explained,  they  use  dif- 
ferent methods  in  obtaining  a  magnetic  field  and  conductor  current.  Por 
this  reason  let's  discuss  the  basic  DC  motor  before  covering  the  basic 
AC  motor. 

ii  ii  1 111 1 1  ii  i  ii  i  ii  1 1 111 111  ii  mi  ii  mi  ii  a  a  mi  mi  mm  a  a  a  a  1 1  in  mi 
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Frame  8 

If  the  tingle  conductor  is  bent  into  a  loop,  the  loop  will  tend 
to  rotate  in  the  field  between  the  magnets.    In  the  loop  shown  below, 
current  flow  is  inward  on  side  "A"  and  outward  on  side  W.    The  mag- 
netic field  about  "B"  is  clockwise.    The  magnetic  field  about  "A"  is 
counterclockwise.    With  the  single  conductor,  in  which  current  flowed 
inward,  a  force  will  develop  which  pushes  "B"  downward.    Curient  flow 
in  the  field  'of  the  magnet  and  the  field  about  "A"  is  inward.  The 
magnetic  field  will  add  at  the  bottom  and  subtract  at  the  top.  You 
can  prove  this  by  the  Right  Hand  Motor  Rule,  "A"  will  move  upward. 
The  loop  (A  and  B)  will  rotate  until  both  sides  are  outside  of  the 
magnetic  lines  between  the  north  and  south  poles  of  the  magnet.  In 
this  position  no  torque  (twisting  force)  is  produced  and  the  loop 
remains  stationary  instead  of  turning  over. 


Identify  the  correct  words  to  complete  the  following  statement. 

With  current  flow  as  shown  in  the  diagram  above,  the  magnetic  field 
will  be  (strongest)  (weakest)  above  B  and  below  A,  causing  the  loop  to  rotate 
(clockwise)  (counterclockwise). 

//////////////////////,/////////////////////////////////////////////////// 
strongest  counterclockwise 


Frame  9 

Let* s  summarize  what  we've  learned  in  the  preceding  frames  by 
identifying  the  following  statements  as  true  (T)  or  false  (F). 

1.  When  current  flows  through  any  conductor,  a  magnetic  field  is  set 
up  about  the  conductor. 

2.  If  a  current-carrying  conductor  is  placed  between  the  poles  of  a 
magnet,  the  two  magnetic  fields  cancel  each  other. 

3*    The  direction  of  current  flow  within  a  conductor  determines  the 
direction  of  the  magnetic  field  about  it. 

4.    The  direction  in  which  a  conductor  is  forced  out  of  the  magnetic 
field  can  be  determined  by  using  the  Right  Hand  Motor  Rule. 

8 


993 


Answers  to  Frame  9:    1.    T        2.    F      3._T      4.  T 


Franc  10 

It  is  general  practice  to  draw  a  cross  representing  current  flowing 
away  from  you  in  a  conductor.    A  dot  represents  current  flowing  toward 
you. 

Study  the  illustration  to  become  familiar  with  this  method  of  showing  dir- 
ection of  current  flow  through  a  conductor. 


iiiiiiiiiiiiiiiiiiiiiiiiiiiiiniiiiiiiiiiiiiiiiiiiiiiiiiiinnmiiiiii,,, 

No  Response  Required 

Frame  11 

When  the  loop  is  parallel  to  the  magnetic  field  as  shown  at  0°  in 
the  following  illustration  torque  is  maximum.    Maximum  torque  occura  at  thie 
position.    In  this  position  the  force  acting  upon  the  coil  is  in  the  seme 
direction  as  coil  movement.    In  any  other  poeition,  however,  only  a  portion 
of  the  force  is  in  the  direction  of  coil  movement. 


ZEftO  TORQUE 


Complete  the  following  statement. 

Maximum  torque  occura  when  the 
coil  is  in  t.ie  position  labeled 


(0°)  (90°) 
//////////////////////////////// 

(0°) 


Torque  on  a  coil  at  various  angles  of  rotetion. 
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Frame  12 


As  the  loop  approaches  the  neutral  plane  of  90°  (refer  to  frame  11), 
torque  decreases.    If  the  loop  has  sufficient  "inertia,"  (a  tendency  to 
keep  wving  as  a  flywheel  would)  it  Will  swing  past  the  neutral  plane, 
aa  shown  in  figure  1. 

When  Iocs  side  A  swings  to  the  right  side,  and  loop  fide  B  swings  to 
the  left  of  t£e  neutral  plane,  torque  reverses.    The  loop  will  attempt 
to  reverse  its  direction  of  rotation. 


Figure  1. 

Notice  in  figure  2,  loop  side  A  is  to  the  left  of  the  neutral 
plane.    The  current  through  it  causes  a  counterclockwise  torque.  The 
current  through  loop  side  B  to  the  right  of  the  neutral  plane  ia  in 
the  opposite  direction.    It  also  causes  a  counterclockwise  torque. 
Tc  keep  torque  in  a  counterclockwise  direction,  the  current  through 
the  loop  side  to  the  left  of  the  neutral  plane  must  always  flow  out 
of  the  page  (e).    The  current  on  the  right  of  the  neutral  plane  oust 
always  be  into  the  page  (x).    To  maintain  continuous  rotation  sons 
•sans  wist  be  provided  which  will  reverse  the  direction  of  current 
through  the  loop  as  it  rotates  peat  the  neutral  plane. 


Figure  2. 

Is  the  following  statement  TRUE  or  FALSE? 

In  order  for  ihe  loop  to  rotate  counterclockwise,  the  current  through 
both  sides  of  the  loop  taist  be  in  the  same  direction. 

////////////////////////////////////////////////////////////////////////// 

False 
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Frame  13 


This  current  reversal  is  accomplished  by  use  of  brushes  and  a  commutator  • 
A  commutator  is  made  up  of  a  number  of  copper  segments  separated  by  in- 
sulating spacers.    The  number  of  segments  depends  upon  the  number  of  loops 
placed  in  the  magnetic  field,  the  type  of  coil  winding  used,  and  the  voltage 
applied  to  the  coils.    Each  segment  is  connected  to  a  coil.    The  coils 
are  wound  so  their  sides  are  180°  apart. 


Complete  the  following  statement. 

The  procedure  of  reversing  current  is  accomplished  by  using 
and  a 


i  ii  ii  ii  iiiiii  ii  111 1 111  iiii  i  ii  111 111  ii  111 1 111  iiiiiiiiiiii  1 111 1  ii  ii  ii  inn  n 

l  brushes  commutator 
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Frame  14 

Complete  the  following  statements. 

1*    In  a  diagram  showing  current  flow  in  a  conductor!  a  dot  (•)  indicates 
that  current  flow  is    (into,  out  of)  the  page, 

2.  Maximum  torque  occurs  when  a  coil  is   

(ineido  of  )  (outside  of)  the  magnetic  field. 

3.  In  order  to  maintain  continuous  rotation  of  a  coil,  current  flow 

must  <       (reverse-not  reverse)  in  direction  within  the  coil  as  it 

sweeps  past  the  neutral  plane. 

4.  Each  segment  of  a  commutator  is  connected  to  a  

(coil-brush) • 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 11 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1.    out  of  2.    inside  of  3*    reverse  4.  coil 


Frame  15 


The  amount  of  torque  developed  in  a  coil  depends  qpon  several  factors - 
the  strengths  of  the  two  reacting  magnetic  fields,  end  the  position  of  the 
coil  in  the  field.    Let's  take  another  look  at  the  different  positions  of 
the  coll  (loop),    in  a  coll  carrying 
a  steady  current  lor^^d  in  a  uni- 
form magnetic  field,  the  torque  will 
vary  at  different  positions  of  ro- 
tation.   When  the  coll  is  parallel 
to  the  lines  of  force,  such  as  at 
0°,  the  torque  la  maximum.    When  it 
is  at  90°,  the  torque  la  at  minimum. 
At  other  positions  the  torque  ranges 
between  zero  end  maximum 


Z£«0  TOtOUt  J 


Torque  on  a  Coil  at  Various 
Angles  of  Rotation. 

Study  the  illustration  and  answer  the  following  question* 

With  current  flow  and  force  in  the  direction  as  shown,  the  conductor 
will  rotate  in  a  direction? 

(clockwise)  (counterclockwise) 

////////////////////////////////////////////////////////////////////////// 

Counter  do  ckwis  e 
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When  a  loop  (conductor)  is  rotated  r 
in  a  magnetic  field,  a  voltage  is  in- 
duced in  each  side  of  the  loop,  see 
figure  1.    During  rotation,  the  two 
sides  (A  and  B)  of  the  loop  cut  the 
magnetic  flux  lines  in  opposite  dir- 
ections.   Although  the  current  flow 
is  continuous  in  the  loop,  it  moves 
in  opposite  directions  with  respect 
to  the  two  sides  A  and  B.    To  check 
this,  apply  the  right  hand  rule,  as 
shown  in  figure  2,  to  A  and  B  in 
figure  1.    Comparing  wires  A  and  B. 
When  the  loop  rotates  half  a  turn, 
the  wires  have  exchanged  positions. 
The  induced  EMP  within  each  wire 
has  reversed  its  direction.    When  two 
magnetic  poles  are  used,  the  induced 
voltage  reaches  its  peak  value  and  reverses  its  direction  twice  per  revo- 
lution.   As  a  motor  changes  electrical  energy  to  mechanical  motion,  it  is 
at  the  same  time  generating  a  voltage  (EMF)  because  it  moves  through  the 
magnetic  field. 


Figure  1.    Voltage  Induced 
in  a  Loop  Conductor. 


FLUX  FORWARD 


CONDUCTOR 
MOVED  UP 


Figure  2.    Left  Hand  Rule. 

The  action  of  the  induced  EMF  will  always  oppose  the  applied  EMF 
in  a  motor  armature.    This  action  called  counterelectromotive  force 
(CEMF).    The  CEMF  tends  to  decrease  the  applied  EMF  on  the  armature. 
This  in  turn  decreases  the  total  armature  current. 

Is  the  following  statement  TRUE  or  FALSE? 

Counterelectromotive  force  (CEMF)  always  has  the  same  polarity  as  the 
applied  EMF. 

////////////////////////////////////////////////////////////////////////// 

False 
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Frame  17 


a-  »k-  now  mmtm  nearly  as  l.rg.  s.  th.  applied  armature  voltage  the 
armetuVc^SI  deer.-...   W  "ttl.  current  i.  requir*  to  heap  •  -tor 
SSSJT^KS  olST SS.t  .nough  to  overcome  .Metrical  M  and 
Scttou/  If  a  imur  load  i.  put  on  too  motor,  tha^tor  wUl  down. 

,^„^  .Mad  eauaao  the  motor  to  generate  laaa  CWF.    Since  there 
U^oi  1^  cSllnTcrd  vo!tsg.>  th.  Sg^oirrant  will  be 
£^1^    ThTincremee  in  currant  develope  a  gtaater  torqua  to  mate  up  for 
^r^craM?lSo!   sine.  S.  appli*  voltage  r—in. 
TJSSSX^  for  aach  change  of  load.    Th,  j™^^1?*  ^.gf 
tha  speed.    Th*  COOP  la  tha  controlling  factor  In  apaad  and  torqua  regu- 
lation  of  a  motor. 

Salact  olthar  TIDE  or  FALSE  for  tha  following  ststemsots. 

1.  From  our  diacuaaion  of  count.relectrometive  force  (CBMF)  we  can  any 
that  CSMF  la  lnducad  voltage  or  currant  In  tha  armature. 

2.  Couoterelectronotive  forca  ii  slwsys  oppoaita  In  polarity  to  tha 
applied  BMF. 

3.  CBMF  la  tha  controlling  factor  in  the  regulation  of  tha  apaad  of  a 
motor. 

immimmnimmiiimnnniMiimniiNiniiimiimmimmi 

T    1.        T    2.        T  3. 


Frame  18 

As  ve  begin  to  dlecuea  the  different  type,  of  DC  motors,  let' .first 
cover  the  major  parte  of  a  basic  DC  motor.    Thee,  major  part.  **** 
ture  aaeembly,  the  field  assembly,  the  brush  assembly,  end  the  end  —am.. 

The.,  will  b.  discussed  eeparately  in  the  following  framee. 

////////////////////////////////////////////////////////////////////////// 

No  Respon*.  Required 
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Frame  19 


Commutator 


The  armature  assembly  containa  a  laminated  soft  iron  core,  coils,  and  a 
commutator,  al-  mounted  on  a  steel  shaft.    Laminations— layers  of  soft 
iron,  insulated  from  each  other— form  the  armature  core.    Solid  iron  is  not 
used,  since  a  solid  iron  core  revolving  ir  the  magnetic  field  would  heat  and 
use  energy  needlessly.    The  armature 
windings  are  made  of  insulated  copper 
wire.    They  are  inserted  in  slots 
which  are  insulated  to  protect  the 
windings.    The  ends  of  the  windings 
are  connected  to  the  commutator  seg- 
ments.   Wedges  or  steel  bands  hold 
the  windings  in  place  to  prevent 
them  from  flying  cut  cf  the  slats 
when  the  armature  is  rotating  at 
high  speeds.    The  commutator  is  made 
up  of  in  even  number  of  copper  seg- 
ments insulated  from  each  other  and 
from  the  armature  shaft  by  pieces 
of  mica. 


ARMATURE  ASSEMBLY 


Complete  the  following  statements. 

1.  A  soft  iron  core,  coils,  and  a  commutator  make  up  the 
assembly. 

2.  The  ends  of  the  windings  are  connected  to  the   


3.    The  commutator  is  made  up  of  an  (even)  (odd)  number  of  copper 
segments. 

WW//////////*////////////////////////;//////////////;///////////////// 

 1*    armatuire  2.    commutator  segments  3.  even 


Frame  20 

The  field  assembly  consists  of  the  field  frame,  the  pole  pieces,  and 
the  field  coils.    It  contains  laminated  soft  steel  pole  pieces  on  which 
the  field  coils  are  wound.    A  coil,  consisting  of  several  turns  of  insulated 
wire,  fits  over  each  pole  piece.    Together  with  the  pole,  it  makes  up  a 
field  pole.    It  !s  this  field  assembly  that  take*  the  place  of  a  natural 
magnet  such  as  we  have  used  in  previous  illustrations.    By  winding  the  field 
pole  we  form  an  electromagnet. 

Identify  the  parts  that  make  up  the  field  assembly, 

////////////////////////////// //77777777777///////////77777777777///////// 


1.    pole  pieces 


2.    flel*  coile 


3.    field  frame 
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Ths  brush  usably  contains  tat 
usually  oaall  blocks  of  carbon. 


TUM  Jyft  tRUSK 


brushes  and  their  holder*.    The  bruehee 
This  material  Icets  a  long  ttm  and 
doaen't  mr  the  coaotitator  out  as 
quickly  as  other  Mteriale  eight.  Umi 
holder*  permit  mm  play  1m  the  bruehM 
•o  they  can  follow  amy  IrvegularltlM 
la  tha  earf aca  of  the  com atatar  and 
thereby  aafca  good  contact  at  all 
Springe  hold  tha  brashes  firmly 
against  tha  commutator. 


•ox  Wf  »tus« 


Coop  late  tha  following  statement. 
Brushes  are  usually  aada  of 


to  reduce  veer  oa  tha 


77777777777777777///////////////////////////////////////////////////////^ 


carbon 


coMutetor 
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The  and  freoe  la  tha  part  of  the  motor  oa  the  opposite  end  frosi  the 
commutator.    The  and  fraM  la  usually  dMlgaad  ao  that  the  motor  cm  ha 
gsered  oa  that  and  to  the  unit  It  vlll  ha  turning.    The  bearing  for  tha 
drive  end  Is  located  In  the  end  frjM.    SoMtlMe  the  and  fraM  is  Mda  a 
part  of  the  unit  driven  by  the  motors    Mien  this  Is  done,  the  bearing  on 
the  drive  end  My  be  located  in  any  one  of  a  number  of  places. 

Select  TOTE  or  FALSE  for  the  statemente  • 

 !•    The  beerlng  for  tha  drive  end  is  located  in  the  end  frmm. 

 2-    The  end  frame  is  a  part  of  die  commutator. 

3.    The  motor  is  usually  geared  to  the  unit  thrive  on  the  end  fraM. 

Tmiiitiiiiiiiiittiiiiiiiiiiiiiiiiifi;iiiiiiiiiiiiiiijiiiiiiiiiiimmii 

T     1-  F     2.   T  3. 
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Match  the  units  listed  in  the  left  hand  column  below  to  the  major  part 
of  %  DC  motor  to  which  they  belong  in  the  right  hand  colwm. 

1.  Coils ,  coomutator,  and 
soft  iron  core. 

2.  Brushes  and  brush  holders. 

3.  Bearings. 

4.  Pole  pieces,  field  coils 
and  field  frame. 

////////////////////////////////////////////////////////////////////////// 


a.  End  fri 

b.  Field  assembly. 

c.  Armature  assembly. 

d.  Brush  assembly. 


1. 


2. 


3. 


4. 


Pr 


simes  picio 
/WW— 
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The  first  type  of  DC  motor  which  we  shall 
discuss  is  the  series  motor.    A  series  motor 
has  its  field  winding  connected  in  series 
with  its  armature.    This  method  of  con- 
nection makes  it  necessary  for  the  field 
to  be  heavy  enough  to  carry  the  armature 
current.    Due  to  the  series  connection, 
the  field  winding  is  composed  of  relatively 
few  turns  of  heavy  wife  in  order  to  carry  the 
relatively  high  armature  current.  The 
same  current  that  flows  through  the  field 

windina  also  flows  through  the  armature  $mu  mQtoi 

winding.    Therefore,  any  change  in  arma- 
ture current  is  accompanied  by  a  change 
in  field  strength. 

Select  the  letter  for  ths  statement  which  completes  the  following  statement. 
In  a  series  motor,  the  field  winding 

a.  is  connected  in  series  with  the  commutator. 

b.  consists  of  a  few  turns  of  fine  wire. 

c.  is  connected  in  series  with  the  armatuxe  winding. 

d.  has  a  separate  power  source. 

////////////////////////////////////////////////////////////////////////// 
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Frame  25 


When  voltage  is  first  applied  to  a  aeries  motor,  a  high  starting  current 
flows  and  a  large  starting  torque  is  developed*    The  large  starting  current 
is  due  to  the  absence  of  CEMF,  and  the  low  resistance  of  the  armature.  As 
soon  as  the  developed  torque  bee ones  great  enough,  the  armature  starts 
Into  notion.    It  accelerates  toward  Its  normal  running  speed. 

Are  the  following  statements  TRUE  or  FALSE? 

1.  Because  of  the  low  resistance  in  the  windings,  the  series  motor 
draws  a  large  current  when  starting. 

2.  In  passing  through  both  the  field  and  armature  windings,  the 
starting  current  produces  a  high  starting  torque. 

////////////////////////////////////////////////////////////////////////// 

 L    TRUE  2.  TRUE  

Frame  26 

After  getting  started,  armature  current  begins  to  decrease  as  m  in- 
creasing CEMF  is  Induced  Into  the  armature.    This  deereaee  In  armature 
current  also  decreases  motor  fie  14  strength.    This  In  tun  attempts  to 
decresse  CEMF.    Due  to  thie  action  the  eerles  motor  pant  lamas  to  accelerate 
in  an  attempt  to  maintain  CEMF  and  limit  armature  current  to  a  safe  value. 
If^the  motor  Is  not  connected  to  a  load,  it  attempts  to  operate  at  a  very 
high  speed  which  may  result  in  motor  damage.    For  this  reason,  serine 
motors  are  never  operated  without  a  load. 

From  the  foregoing  statements,  select  either  TRUE  or  FALSE  for  the  following: 

A  series     ^or  will  run  at  high  speed  when  it  has  a  light  load  and  at 
a  low  speed  vUa  heavy  loed. 

Illlllllllliniiiiiiiiiiiiiiiiiiiiijiiiiiiiiiiiiiiiiiiiiiiniitiiiinwi, 

—  „  True   

Frame  27 

A  series  motor  will  slow  down  when  its  load  is  increased,  due  to  the 
increased  opposition  to  armature  movement.    The  decreased  CEMF  caused  by 
the  decrease  in  motor  speed  results  in  an  Increase  in  armature  current. 
The  increased  armature  current  providea  the  additional  torque  required  by 
the  increased  load.    A  series  aotor,  because  its  field  strength  depends  upon 
armature  current,  requires  e  large  variation  In  epeed  for  a  relatively  smell 
chsnge  in  torque.    Remember  that  an  increase  in  armature  current  la  tne 
result  of  a  decreaae  in  apeed     This  also  increases  field  strength  which 
tends  to  decreaae  speed. 

Complete  the  folia  flag  statement. 

  *n  armature  current  is  the  result  of  a  decreese  in 

armature  . 

////////////////////////////////////////////////////////////////////////// 

increase  speed 
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Frame  28 

Direction  of  rotation  for  a  series  motor  nay  be  changed  In  one  of  two  ways: 

1.  Reversing  current  flow  In  the  field  winding.  or 

2.  Reversing  current  flow  in  the  armature. 

When  either  of  these  currents  is  reversed,  motor  torque  reverses  and 
the  direct U  a  of  rotation  reverses.    Direction  of  rotation  cannot  be  re- 
versed by  r  v/ersing  the  power  source  leads.    This  action  would  reverse 
current  flow  in  both  the  armature  and  field  windings •    When  both  these 
currents  are  reversed »  torque  remains  in  the  same  direction  and  motor 
rotation  remains  unchanged. 

An  exception  to  this  is  the  small  motor  with  a  permanent  magnet  for  a 
main  field.    In  this  case  reversing  the  power  source  leads  only  reverses 
current  through  the  armature  windings  and  not  the  main  (permanent  magnet) 

field. 

Identify  two  ways  by  which  direction  of  rotation  may  be  changed. 

1. 
2. 

////////////////////////////////////////////////////////////////////////// 

1.  Reversing  direction  of  current  flow  in  the  field  winding. 

2.  Reversing  direction  of  current  flow  in  the  armature  winding. 


Frame  29 


SuJ^^f  tl  been"vered  ln  th«         *~  Barnes,  select  either 
1RUE  or  FALSE  where  needed,  or  complete  the  statement. 

1.  In  a  series  motor,  the  field  winding  and  the  armature  windings  are 
connected  in  series. 

2.  The  large  starting  current  produces  a  high  starting   . 


2.    The  heavier  the  load  applied  to  the  series  motor,  the  faster  the 
speed. 

4.    The  field  strength  of  a  series  motor  depends  upon  armature  and 
f  ie]  d_  . 

llllllllltllllll/llfll/lllltlll/ll/ltf/lii////ll/nUfmninnimmm 
1.       T      2 .    torque      3 .       F         4 .  current 
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Frame  30 

Another  type  of  DC  motor  ie  the  shunt  motor.    In  this  type  of  onto?,  the 
field  winding  is  connected  in  parallel  (chunt)  with  the  armature  winding. 
There  are  two  circuits  through  the  shunt  motor—one  through  the  aruture 
and  one  through  the  field.    The  field  coils  ara  wound  with  relatively  saell 
wire  and  have  a  large  number  of  turns. 
In  this  type  of  winding  only  a  email 
flow  current  is  necessary  to  m?<*taln 
the  magnetic  field.    Because  I eld 

is  connected  directly  acroee      -  *><*wer 
supply  the  magnetic  field  remains  con- 
stant.   Therefore,  the  torque  of  a 
shunt  raotcr  must  vary  with  tha  current 
in  the  aidture;  that  is,  if  the  arma- 
ture current  doubles,  the  torque  is  also 
doubled.    Since  the  field  strength  is 
constant,  the  motor  speed  will  be  con- 
stant from  no  load  to  full  load.  Tha 
shunt-wound  motor  is  a  constant:  agar  * 
type,    but  because  of  fixed  field  cur- 
rent, it  does  not  have  a  starting  torque 
as  high  as  the  series  motor. 

Is  the  following  statement  TRUE  or  FALSI? 

The  shunt  motor,  like  the  seriee  motor,  has  a  high  starting,  torque. 

iiiiiiiiiitiiiiiiiiiiiiiiiiiiiiiuiuiiitiiiiiiiiiiiimimiiimimmi 


SHUNT  MOT  on 


False 


Frame  31 

Small  shunt  motors  may  be  started  simply  by  connected  voltage  to  them* 
The  field  current  and  field  flint  riae  quickly  to  their  fiilL  value.  Iter 
armature  current  also  rises  rapidly  since  CWOt  to-  seen  wham  tbn  armatam 
la  stationary.    When  the  developed'  torqua  im  great;  anongft  fas  oasrcosm  the 
friction  and  inertia  of  the  armature  and  load,  the  ecaeture  starts  into 
motion.    CEMF  proportional  to  motor  spend  im  indnesd  in-  tte>  oi  mature 
The  CEMF  cauaee  armature  current  to  drop  rapidly  em  the  motor  accejeratee. 
Armature  current  becomes  constant  when  motor  spend  become*  conatant. 

Complete  the  following  statemsnts. 

1.  The  CBMF  causas  armature  to  drop  rapidly  aa  tbn 

motor  speeds  up. 

2.  A  shunt  motor  haa  two  circuital-one  through  the  and 
one  through  the  _. 

////////////////////////////////////////////////////////////////////////// 
1.    current  2.    armature  3.  field 
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The  field  strength  of  the  shunt  motor  remains  constant.    The  operating 
characteristics  are  quite  different  frost  those  of  the  series  motor.  The 
shunt  motor  has: 

1.  Low  starting  torque. 

2.  Good  speed  regulation. 

The  low  starting  torque  does  not  mean  the  shunt  motor  cannot  be  started 
with  a  load.    Instead,  it  indicates  that  given  a  series  and  shunt  motor  of 
equal  size  and   horsepower,  the  series  motor  produces  greater  starting 

torque. 

1.  Which  type  of  motor,  the  series  or  shunt,  produces  the  greater 
starting  torque? 

2.  Which  type  of  motor,  the  series  or  shunt,  has  the  better  speed 

regulation? 

////////////////////////////////////////////////////////////////////////// 
1.    Series  motor  2.    Shunt  motor 


Frame  33 

A  shunt  motor1 s  direction  of  rotation  is  changed  in  the  saos  manner 
as  the  series  motor,  which  is: 

1.  Reversing  current  flow  in  the  armature.  or 

2.  Reversing  current  flow  in  the  field  winding. 
////////////////////////////////////////////////////////////////////////// 

No  Response  Required 
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In  addition  to  tha  aariaa  and  shunt  aofcora  thara  ara  alao  craycuad 
notora*   Wa  won1 1  go  into  a  langthy  diacuaaion  of  thaaa  aators  othar  thm 
to  point  out \  tha  dlffaraat  typea  of  ccwyouad  ,^iofcaca» 

COMILAirW-coMpound  jaotera  hava  both  a  aariaa  and  a  ahunt  f  laid  which 
ara.  connactad  ,ao  that  tha .  aariaa  wlndinga  aid  tha  ahunt:  f laid. ,  Thia  a»torr 
coabinaa  tha  char  act  aria  t  lea  of  aariaa  and  atom*  aotors.    It  ia  normally 
uaad  whan  a  a  farting  torqua  graatarcthaa  th*t  ot  a ahtmt  ^tor  and  a  fairly 
conataat  apaa*  ara  daairad. , 

DIFFlMlinAL^coMpoqndx  aotora  ara  aiadlar  to^cuattlattra-xoapotind  aotora m 
in  all.raapacta  aacapt : thai f  laid irtndl  ngg « .  Ia  thi*  typa  of  aotor  th*  f  ialda^ 
ara  arraagad,ao  that  tha  aariaa  flalda^oppoaa  tha  a*in  ahtinfcr  fiald*  Tfcia 
vaakana  tha  anin  f  iald  and  taada  Ui-incraaaa  tha  a  p tad  of  z  tha  aotorr  aa  tha- 
load  ia  incraaaad.    Dua  to  thia  oppaaltion*  tha  fitld  atra^th  dacraaaaa 
aa  araatnra  curt  ant  incraaaaa. 


nil  inn  i  uiiiiiii 1 111 111 111  iiii  1 1 ill iiii  ii i  ii  ii ui  i in  i ii  i in  i in n i  in i 

Hc-Raapooaaq  Ra^talrad 
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Frame  35 

The  accompanying  diagrams  show  the  operation  of  a  typical  DC  motor. 
As  you  study  these  diagrams,  recall  the  theory  of  operation  as  was  ex- 
plained in  the  preceding  frame*. 


If  any  of  these  Illustrations  raise 
the  slightest  question,  go  back 
to  the  frames  that  explain  the  area 
in  which  you  are  having  difficulty. 


No  Response  Required 
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At  this  point  you  have  learned  iom  of  the  dlf £ irtncti  associated  with 
the  DC  motors. 

Match  the  letter  of  the  motor  typee  oh  the  right  with  the  DC  so  tor  chara- 
cteristic* oc\  the  left. 

Field  winding  connected  in  parallel       A.    Serlee  motor, 
with  the  armature. 

B.    Shunt  motor. 

Field  winding  has  only  a  few  turns 
of  heavy  wire. 

Poor  speed  regulation. 

Torque  varies  with  current  in  the 
armature. 

Has  low  starting  torque. 
Has  highest  starting  torque. 
Good  speed  regulation. 
Large  current  whem  starting. 
Magnetic  fiald  remains  constant. 
Must  operate  under  a  load. 

i  ii  ii  111 1  ii  ii  1 1  ii  1 111  ii  ii  ii  ii  ii  1 1  ii  n  ii  ii  ii  ii  ii  1 1  illinium  in  in  ii  mi 

B     2.    A     3.    A     4.    B     5.    B     6.    A     7.    B     8.    A     9.    B     10.  A 
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DC  MOTOR  AND  VALVE  ASSEMBLY  CONTROL  CIRCUIT  WIRING  DIAGRAMS 
OBJECTIVE 

Using  an  electrical  diagram,  Identify  a  minimum  of  8  out  of  10 
circuit  malfunctions  when  given  the  cause  and  the  circuit  condition. 

EQUIPMENT 

Color  Pencils  Set 
INSTRUCTIONS 

Pay  close  attention  to  all  directions  that  you  are  given  in  the 
text.    When  performing  in  the  test,  such  as  tracing  or  answering 
questions,  if  your  response  is  incorrect,  restudy  the  information. 
At  the  end  of  this  workbook,  you  will  be  given  a  performance  test 
which  will  be  graded  by  your  instructor.    If  you  are  ready  to  begin 
and  have  no  questions,  proceed  with  the  lesson. 

Exercise  1 

Turn  to  figure  I  and  familiarize  yourself  with  the  basic  parts 
of  ->  DC  MOTOR  VALVE  ASSEMBLY.    This  sketch  shows  only  the  parts  that 
concern  us.    Use  this  figure  as  you  road  the  following. 

Although  this  is  a  simple  assembly,  let's  see  how  it  works.  When 
motor  armature  #1  receives  voltage  it  starts  rotating.    As  the 
motor  armature  rotates  it  will  turn  the  drive  gears  #2.    As  the  drive 
gears  rotate,  they,  in  turn,  rotate  the  valve  shaft  #3.    This  valve 
shaft  has  two  jobs.    First,  it  turns  the  valve  butterfly  #4  to  either 
the  open  or  closed  position.    This  wi-  stop  or  allow  air  flow  through 
the  valve  housing  #5.    Second,  it  turn-  the  cam  lobe  #6  which  you  can 
see  is  physically  a  part  of  the  valve  shaft.    If  you  look  on  either 
side  of  the  cam  lobe,  you  will  see  two  rectangular  boxes.    These  are 
limit  switches  //7  and  #8. 

We  will  discuss  the  limit  switches  in  more  depth  later.  Stop  at 
this  time  and  locate  these  parts  on  the  28  volt  DC  Actuator  and  Valve 
Assembly  trainer  located  in  the  lab.  If  you  can  not  find  or  identify 
these  parts  on  the  trainer,  ask  your  instructor. 

In  the  next  exercise  you  will  tracu  the  circuit  and  see  how  the 
voltage  potential  for  the  DC  MOTOR  VALVE  ASSEMBLY  is  obtained. 
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#4  VALVE  BUTTERFLY 


Figure  1. 
Exercise  2 


1.      Remove  the  back  page  of  this  workbook  and  use  a  red  pencil 
to  trace  the  following  voltage  potentials  on  figure  2. 

a.      Start  the  trace  from  the  28  volt  DC  bus  bar  through  the 
circuit  breaker  (CB  No.  1)  along  wire  H1A18  to  Al  of  the  armature  switch 
for  relay  1.    With  the  circuit  breaker  pushed  in,  there  will  be  a  voltage 
potential  of  28  volts  DC  present  at  the  armature  switch  (Al) . 

(1)    Voltage  stops  at  Al  because  relay  1  has  not  been 
energized.    The  spring  attached  to  the  armature  is  holding  it  away  from 
the  contact  A2  and  this  prevents  this  voltage  from  going  any  further  at 
this  time. 

.<?_.  JL  012 


ERJC 


h.       iraro  from  the  bus  bar  through  the  circuit  breaker  (CB  No.  2) 
.iloiH',  wire  H3A18  to  the  pole  of  the  control  switch.    With  the  circuit  breaker 
ilosed,  there  will  be  a  28  volt  DC  potential  up  to  the  pole  of  the  control 
sw  1 1  i  h. 

(I)     Volume  will  stop  al   Hie  pole  unless  the  svitdi  is  moved 
to  either  the  closed  or  open  position. 

c.  Now  trace  from  the  bus  bar  through  circuit  breaker  (CB  No.  3) 
along  wire  HJA18  to  Al  of  the  armature  for  relay  2.    With  the  circuit  breaker 
closed  there  will  be  a  28  volt  DC  potential  up  to  Al  of  the  armature. 

(1)    Voltage  stops  at  this  point  because  relay  2  has  not  been 
energized.     The  spring  attached  to  the  armature  contact  is  holding  it  away 
from  the  contact  A2  and  this  prevents  the  voltage  from  going  any  further  at 
this  time. 

d.  Next  trace  through  the  circuit  breaker  (CB  No.  4)  across  wire 
H7A18  to  the  pole  of  the  transfer  switch.    With  the  circuit  breaker  closed 
.%r.vi  the  transfer  switch  in  the  off  position,  there  will  be  a  voltage  potential 
up  to  the  pole  of  the  switch. 

e.  You  now  have  a  28  volt  DC  voltage  potential  through  the  four 
circuit  breakers,  to  the  armature  of  relays  1  and  2,  and  also  to  the  poles 
of  the  control  and  transfer  switches.    Move  now  to  exercise  3  and  use  this 
voltage  potential  that  is  at  the  control  switch  and  at  Al  of  relay  1  to  close 
the  butterfly  of  motor  valve  //l. 

Exercise  3 

I.      Ustnfc  a  blue  pencil,  trace  motor  valve  #1  closed  circuit.  How 
this  is  done  is  explained  in  the  following  paragraphs: 

a.  Start  the  trace  from  the  control  switch.    With  the  blue 
pencil,  draw  the  control  switch  to  the  closed  position.    This  will  allow 
the  voltage  potential  that  is  at  the  pole  of  the  control  switch  to 
energize  the  relay.    Trace  from  the  closed  position  of  the  control  switch 
along  wire  H5B18  to  X2  of  relay  1.    Trace  through  the  coil  of  relay  1  to 
point  XI,  and  from  XI  along  wire  H5D18N  to  the  common  ground  point. 

(1)    You  have  now  allowed  the  28  volt  DC  voltage  potential 
from  exercise  2  to  be  applied  to  relay  1  and,  with  a  good  ground  for  the 
relay,  the  relay  will  become  energized.    From  your  previous  study  of 
relays,  you  know  that  when  a  relay  is  energized,  it  becomes  a  temporary 
magnet  and  this  will  pull  the  armature  for  relay  1  down  and  lec  it  make 
contact  with  A2.    This  will  complete  the  path  for  voltage  from  the  circuit 
breaker  (CB  No.  1)  to  the  close  side  of  the  motor. 

b.  Using  the  blue  pencil  again,  draw  the  armature  of  relay  1 
to  the  closed  position  (from  Al  to  A2). 

(1)    This  will  allow  the  path  for  the  voltage  at  Al  to 
pass  to  A2  and  on  to  check  point  B  of  the  connector  plug  of  motor  //l. 
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c.      Again  use  the  blue  pencil;  trace  from  A2  of  the  armature  alor.g 
wire  H1B1 8  to  check  point  B  ol  the  connector  plug.    From  f  of  t"  e  connector 
plug  trace  through  the  limit  switch  in  the  motor  and  down  through  the 
close  field  winding  of  the  motor  to  chec:;  po?nt  E  of  the  connector  p1  o 
and  along  wire  H6A18N  to  the  common  ground  point. 

(1)      *-.h  voltage  applied  to  the  close  winding  of  the  motor 
valve  and  a  good  ground  wire,  the  motor  armature  will  rotate  causing  the 
valve  shaft  to  t*  .n  and  this  will  close  the  valve  butterfly, 

U)    Tn  the  m:l  exercise  we  will  expJain  the  operation 
of  .  he  cam  xobe  anrl  the  limit  switches. 


Exercise  A 
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l.      You  will  now  learn  exactly  what  a  limit  switch  is,  how  it  works, 
and  why  it  is  used. 

a.  A  limit  switch  is  a  device  which  is  used  to  limit  or  stop 
something  from  operating.    When  the  valve  butterfly  goes  to  the  full  open 
or  closed  position,  you  do  not  want  the  motor  to  continue  M  operate. 
S?mply  stated,  we  could  say  that  a  butterfly  in  the  valve  assembly  is  like 
.  door.    Once  it  is  openeu,  it  is  opened;  once  it  is  closed,  it  is  closed; 

so  why  waste  more  energy  trying  to  either  open  or  close  something  when  it 
has  nl* 2ady  traveled  to  its  full  position. 

b.  So  we  will  use  rho  limit  switch  in  the  motor  valve  assembly 
circuit  to  stop  the  moLor  you  traced  in  the  last  exercise.     Stopping  the  motor 
from  running  will,  in  turn,  stop  the  valve  but  ;erf ly  from  going  past  the  fully 
closed  position.    The  limit  switch  accomplishes  this  by  removing  power  from 

Hie  closed  field  winding  of  the  motor.    This  is  done  by  the  use  of  the  cam  lobe. 

^CONNECTOR  PLUG  CHECK  POINT 


28  VOC 


HI8I8- 


LlMIT  SWl  .'CHES  -  Sr-RlNG  LOAOEO  TO 
POSITION  SHOWN  (OUT  POSITION) 


r 


H6AI8N 


Figure  3. 

2.      Refer  to  figure  3  *nd  locate  wire  H1318.     If  we  were  to  send 
28  volts  of  power  to  check  point  B  of  the  connector  plug  of  the  motor,  it 
would  go  through  the  limit  switch,  continue  across  the  close  field  winding 
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of  the  motor ,  and  out  of  the  connector  plug  at  check  point  E  to  the  ground* 
\s  the  voltage  energize*  che  close  Jield  winding  of  the  motor,  the  motor  will 
;tart  rotating.    This,  in  turn,  will  rotate  the  valve  shaft  and  the  valve 
butterfly,  which  is  connected  to  one  end  of  the  shaft,  will  start  to  close. 
Connected  to  the  other  end  of  the  shaft  is  the  cam  lobe  that  will  also 
^art  tc  rotate.    As  the  cam  lobe  leaves  the  neutral  position  (indicate! 
by  the  arrow  above  the  cam  in  figure  3)  you  will  note  that  the  cam  is 
turning  toward  the  limit  switch  that  Is  on  the  close  side  of  the  motor. 
The  cam  lobe,  that  is  indicated  by  the  dotted  line,  is  the  position  in  which 
the  cam  was  previously  positioned* 


f — CONNECTOR  PLUG  dfeCK  POINT 
/ — I 


Figure  3a. 

a.  Refer  to  figure  3a  and  notice  what  happens  to  the  cam  lobe 
and  the  limit  switch  after  the  butterfly  for  motor  #1  has  traveled  to  the 
full  closed  position. 

b.  Notice  that  the  cam  lobe  has  rotated  around  and  has  depressed 
(pushed  in)  the  limit  switch  button  for  the  closed  side  of  the  motor.  If 
you  ^.tudy  4igure  3a  very  closely,  you  will  notice  that  the  cam  lobe  has 
depressed  the  limit  switch  spring  and  has  moved  the  pole  of  the  switch. 
Through  this  action,  the  voltage  has  been  removed  from  the  closed  field 
winding  of  the  motor.    As  we  stated  previously,  one  of  the  purposes  of  the 
limit  switch  is  to  stop  tlie  valve  from  closing  or  opening  too  far.    We  do 
this  simply  by  removing  the  power  from  the  motor  with  the  use  of  the  limit 
switch  and  the  cam  lobe. 

c.  Look  again  at  figr^e  3a  and  you  \*    1  notice  that  since  the 
limit  switch  button  has  been  depressed,  the  28  volts  of  power  that  was  used 
to  close  the  valve  butcerfly  has  now  been  rerouted  to  check  point  D  of  the 
connector  plug.    Later  in  this  PT  we  will  use  this  voltage  to  operate 
another  motor.    But  remember,  if  motor  #1  does  not  operate,  the  limit 

q      switch  will  not  reroute  the  voltage.  ^ 


d.      Now  you  know  why  the  limit  switch  is  used.    Its  main  purpose 
is  to  prevent  our  DC  motor  and  valve  assembly  from  running  too  far.  Its 
secondary  purpose  is  to  reroute  voltage  to  another  motor  circuit.  Continue 
to  the  next  exercise  and  see  how  this  is  done. 

Exercise  5 

Note:    Look  at  figure  2  and  refresh  your  memory  on  the  voltage  that 
started  at  circuit  breaker  //l  and  went  through  the  limit  switch  to  the 
field  winding  of  the  motor  and  then  to  ground.    This  will  now  allow 
the  valve  to  run  to  the  fully  closed  position  and  the  cam  lobe  to 
depress  • he  limit  switch. 

1.      Use  a  blue  pencil  once  again  to  trace  motor  valve  //2's  open 
circuit  on  figure  2  as  you  read  the  following. 

a.  Draw  the  pole  for  the  limit  switch  on  the  close  side  of  the 
motor  to  the  depressed  position.    Now  trace  from  the  limit  switch  contact 
to  point  D  of  the  connector  plug  of  motor  #1. 

b.  Next  trace  fr  >m  point  D  of  tb*  motor  valve  along  wire  H3A18 
to  AJ  of  relay  //3. 

c.  At  this  point  we  must  energize  relay  3  before  we  can  go  any 
further.    Proceed  to  exercise  6  and  it  will  show  how  this  is  done. 

Exercise  6 

I.      Using  an  orange  pencil,  trace  the  voltage  needed  to  energize  the 
transfer  relay  (relay  //3)  circuit  on  figure  2. 

a.      Start  from  the  voltage  potential  which  is  on  the  pole  of  the 
transfer  switch.    Trace  through  the  switch  and  across  wire  H7B18  to  point 
XI  of  relay  //3.    Continue  through  the  coil  of  the  relay  to  X2,  then  along 
wire  tI7C18N  to  the  common  ground  point. 

(1)    Relay  //3  is  now  energized.    By  the  term  "energized"  we 
mean  that  the  relay  coil  has  become  a  temporary  magnet.    With  the  relay 
energized,  the  relay  armatures  between  Bl  to  B2  and  Al  to  A2  will  be  pulled 
down  toward  the  magnetized  relay  ceil.    The  magnet  is  strong  enough  to  over- 
come the  spring  tension  that  normally  holds  the  armature  away  from  contacts 
B2  and  A2  of  relay  //3.    Rc  ay  //3  is  called  the  transfer  relay. 

Note:    Remember  that  the  dotted  line  going  through  the  relay  armature 
connects  both  armatures  and,  if  the  relay  is  de-energized  or  the 
transfer  switch  is  turned  off,  both  armature  switches  will  be  pulled 
back  away  from  contacts  B2  and  A2  by  the  spring  attached  to  the  top 
armature.    Proceed  to  exercise  7. 


7LOI6 


Exercise  7 


1.      In  this  exercise,  we  use  the  blue  pencil  once  again  to  trace  che 
DC  motor  valve  //2's  open  circuit.    This,  in  turr,  will  open  the  butterfly  for 
this  valve. 

a.  Trace  across  the  contacts  of  relay  #3  from  both  Bl  and  B2  and 
also  from  Al  and  A2.    ^his  is  because  the  transfer  relay  has  been  energized 
in  the  last  exercise. 

b.  The  voltage  at  Al  of  relay  //3  can  now  p*.ss  across  the  switch 
and  go  to  the  valve  assembly.    Trace  from  A2  along  wire  H3B18  to  check  point 
A  of  motor  valve  #2's  connector  plug. 

c.  Now  trace  from  point  A  of  the  connector  plug  through  the  limit 
iwxtch  contacts  and  on  through  the  open  field  winding  of  the  motor.    Trace  from 
the  field  winding  to  check  point  E  of  the  connector  plug  and  from  here  along 
wire  H6B18N  to  the  common  ground. 

(1)    Stop  for  a  minute  and  examine  what  you  have  done  thus  far 

in  the  text. 

(a)    You  have  applied  voltage  to  the  circuit  from  the 
bus  bar  through  the  four  circuit  breakers.    You  have  put  this  voltage  to  work 
by  energizing  relay  ?l  which,  in  turn,  closed  motor  valve  #1.    If  you  examine 
vour  circuit,  you  Wxll  note  that  by  closing  motor  valve  #1  you  have  opened 
motor  valve  #2  through  the  use  of  the  limit  switch  and  the  cam  lobe  of 
motor  valve  #1. 

Note:    In  figure  4  you  will  find  confirmation  for  exercises  2,  3,  5,  6 
and  7.    The  heavy  bold  line  identified  with  its  color  and  exercise 
number  should  be  the  same  as  you  have  traced  on  figure  2.    You  may  refer 
back  to  these  exercises  as  needed.    If  your  diagram  was  correct,  con- 
tinue to  the  next  exercise*    If  not  see  your  instructor  at  this  time. 

Exercise  8 

1.      This  exercise  will  trace  the  open  circuit  for  motor  valve  #1. 
Again  use  figure  2  and  use  a  green  pencil  to  trace  this  "open"  circuit. 

a.  Trace  from  the  control  switch  "off"  position  to  the  open 
contact  of  relay  2. 

b.  Trace  from  t!*e  open  contact  along  wire  H5C18  to  X2  of  relay  2, 
through  the  coil  to  XI.    Trace  from  XI  along  wire  H5E18N  to  the  common 
ground  point. 

c.  Now  that  you  havj  energized  relay  2  the  armature  for  this  relay 
will  make  contact  with  A2.    Use  the  green  pencil  and  draw  the  armature  of 
relay  2  to  the  "up"  position  (Al  to  A2). 

(1)    As  soon  as  the  electrical  path  is  made  across  Al  to  A2 
the  voltape  potential  that  comes  from  circuit  breaker  //3  can  now  travel  from 
Al  to  A2  and  on  to  the  motor  valve.    You  will  see  how  this  is  done  as  you 
start  your  next  tracings. 
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d.      Trace  from  point  A2  along  wire  H2B18  to  point  A  of  the  cotmector 
plug  of  motor  //l,  then  through  the  limit  switch  and  on  through  the  open  field 
winding  of  the  motor  armature.    From  here  it  goes  on  to  check  point  E  and 
along  wire  H6A18N  to  the  common  ground  point. 

(1)    With  voltage  appl'ed  to  the  open  fiald  w'nriing  and  a  good 
i;rouiul,  tin*  motor  armature  vfill  begin  to  rotate  and  open  the  valve  butterfly. 


(2)    Look  at  figure  5  and  note  that  as  the  motor  armature 
starts  to  rotate  toward  open,  the  valve  shaft  and  cam  lobe  start  turning  in 
the  direction  of  the  arrow  above  che  cam  lobe.    The  cam  shown  by  the  dotted 
linee  indicates  where  the  cam  lobe  was. 


(3)  Note  that  as  the  cam  lobe  is  turned,  the  limit  switch 
button  for  the  closed  side  of  motor  1  is  released*    Remember  these  switches 
are  spring  loaded.    This  action  sets  the  close  side  of  the  motor  valve  up 
for    aeration  again  if  the  control  switch  was  placed  in  the  closed  position. 

(4)  As  the  cam  lobe  reaches  full  travel  (shown  by  the  solid 
cam  lobe),  the  limit  switch  button  for  the  open  circuit  has  been  depressed 
and  as  a  result  voltage  is  removed  from  the  cpen  field  winding.    This  voltage 
is  now  rerouted  to  check  point  C  of  the  connector  plug.     In  the  following 
exercise,  we  will  use  this  voltage  to  operate  motor  valve  #2. 


Exercise  9 


1.  You  hav*  already  applied  voltage  to  motor  01  on  the  open  side  in 
exercise  8.     The  vaxve  butterfly  has  fully  opened  and  the  cam  lobe  has 
depressed  the  button  of  the  limit  switch. 

2.  Using  a  green  pencil,  trace  motor  #?/  *  "close"  circuit  on  figure 

2. 

£Ms  1020 


a.  Draw  the  armature  of  the  limit  switch  for  the  open  side  of 
the  motor  valve  to  the  depressed  position.     From  the  limit  switch,  trace  to 
point  C  of  the  connector  plug  of  motor  valve  #1. 

b.  Trace  from  check  point  C  of  motor  #1  along  wire  H4A18  to 
point  Bl  of  relay  3.     In  exercise  6  you  have  already  energized  relay  3,  .<o 
tlu\  armatures  of  the  relay  are  down. 

c.  Trace  across  the  relay  from  Bl   to  B2. 

d.  Trace  from  B2  along  wire  K5B18  to  check  point  B  of  the  connector 
plug  for  motor  //2. 

c.      Now  trace  from  point  B  of  the  connector  plug  through  the  limit 
switch  on  through  the  closed  field  winding  of  the  .motor  and  out  to  check 
point  E  of  the  connector  plug.  , 

f .      Trace  from  point  E  of  the  motor  along  wire  H6B18H  to  the  common 
ground  point. 

(1N«    Stop  once  again  and  examine  what  you  have  done. 

(a)     If  you  examine  your  circuit  in  figure  2,  you  can 
see  that  by  placing  the  control  swilch  to  the  open  contact,  you  energize 
relay  2.     This  sends  voltage  from  circuit  breaker  /'3  to  motor  valve  1  and 
opens  the  valve  butterfly.     This  also  causes  the  cam  lobe  to  depress  the 
button  on  the  limit  switch  and  allows  the  voltage  that  was  used  to  open 
motor  valve  1  to  be  used  to  travel  out  point  C'and'  on  to  close  motor  valve 
2. 

Note:     Use  figure  6  for  confirmation  of  exercises  8  and  9.     The  heavy 
bold  line  identified  with  its  color  and  exercise  number  Bhould  be  what 
you  have  traced  on  figure  2.    You  may  refer  back  to  these  exercises  as 
needed.     If  your  diagram  was  correct,  continue;  if  not,  see  your 
instructor  at  this  time. 

Before  you  start  the  practice  problems  for  this  workbook,  there  are 
a  few  it  3ms  that  you  should  know  about  the  combined  operation  of  these  two 
DC  motor  valve  assemblies.    Again,  refer  to  figure  2  as  you  reac  what  these 
it~  -  are: 

1.  Motor  valve  //l  controls  motor  valve  //2  with  the  use  of  the  cam 
lobe  and  limit  switches.    The  circuit  drawn  in  blue  shows  how  this  is  done 
on  figure  2.     By  placing  the  control  switch  to  the  closed  position,  motor 
valve  1  closes.    As  the  butterfly  on  this  valve  reaches  its  full  closed 
position,  the  cam  lobe  pushes  in  on  the  limit  switch  pole  and  the  voltage 
that  was  used  to  close  this  valve  is  sent  out  point  D  to  be  used  to  operate 
motor  valve  //2. 

2.  If  for  any  reason  motor  valve  //l  does  not  operate,  there  is  no  way 
that  motor  valve  //2  will  receive  voltage.     So  you  can  see  that  this  valve  will 
not  operate. 

3.  You  may  have  also  noticed  that  these  two  motors  operate  opposite  of 
each  other.    By  following  the  yreen  trace  on  figure  2,  you  will  see  that 

by  placing  the  control  switch  lo  open,  you  send  voltage  to  the  open  field 
of  motor  valve  #1.    Once  th<*  motor  opens,  the  cans  lobe  depresses  the  pole  of 
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the  limit  switch  and  the  voltage  that  was  used  to  open  motor  valve  PI  is  now 
sent  out  check  point  C  to  the  armature  for  relay  1*3.    With  this  relay  ener- 
iixrvd  it  continues  across  the  armature  to  the  closed  field  winding  of  the 
motor  to  close  the  butterfly  of  motor  valve  #2. 

4,  Following  the  blue  lines  on  figure  2,  you  can  see  that  by  placing 
the  control  switch  to  close,  motor  valvr  H  runs  to  the  closed  position  and 
motor  valve  i?2  runs  to  the  open  position. 

5.  You  may  also  note  that  If  motor  valve  2  fails  to  open  or  close, 
it  will  in  no  way  affect  the  operation  of  motor  valve  #1. 

Note:     If  there  is  any  doubt  in  your  mind  pertaining  to  the  motor  valvu 
operation  at  this  point,  go  back  over  all  the  preceding  exercises.  If 
not,  you  will  now  start  your  practice  problem. 

Using  figures  7  and  8.  you  will  identify  the  circuit  malfunctions 
in  the  DC  motor  valve  control  circuit  which  are  all  caused  by  open  circuits. 
You  will  place  an  MX"  in  the  block  which  gives  you  the  correct  circuit 
malfunction.    The  first  one  (I)  has  been  done  for  you.    The  next  two  you 
must  do  for  practice  and  have  them  checked  by  your  instructor  before  you 
progress  to  the  problems  in  the  performance  teat. 

Prartlm  Problem  It  1 


1.  Figure  7  gives  you  the*  location  of  the  open  circuit  by  number 
and  an  X  for  where  the  open  oco  rs  on  the  wire. 

2.  You  will  use  figure  8  iu  record  your  answer.    This  has  been  done 
for  you  :;n  the  first  problem. 

3.  To  find  how  they  got  this  answer  look  at  figure  7  and  find  problem 
1.    You  can  see  that  it  points  to  an  open  in  the  ground  wire  for  motor 
valve  n  (H6A18N).    Remember  that  all  the  problems  given  in  this  exercise 
*rg-_9pe"  circuits.    An  open  circuit  does  not  provide  s  complete  path  for 
voltage  to  pass. 

4.  Now  look  at  figure  8.    The  numbers  you  find  in  the  left  column 
are  the  same  numbers  that  are  found  on  figure  7.    The  next  column  gives 
the  circuit  condition  for  each  open  circuit.    An  example  of  this  is  given 
in  problem  1;  the  condition  reads,  control  switch  closed  and  transfer 
switch  on.    Using  the  circuit  condition  from  figure  8  and  the  wiring 
diagram  (figure  7),  you  can  new  find  the  circuit  malfunction. 

a.      In  figure  7  you  have  already  found  that  for  problem  1,  wire 
H6A18N,  the  ground  for  motor  //l,  has  an  open.      ^th  an  open  here,  it  will 
now  allow  the  electrons  to  flew  through  either  the  open  or  close  field 
windings  of  this  motor.    You  also  know  that  if  motor  valve  //l  fails  to 
operate,  motor  valve  #2  will  also  fail  to  operate.    With  this  in  mind,  select 
the  correct  circuit  malfunction  given  at  the  top  of  figure  8  and  place  an  "X" 
in  the  correct  block.     This  has  already  been  done  for  you  for  practice  problem 
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t  selection  that  was  made  is,  "Motor  Valve  #1  and  Motor  Valve 

#2  Inoperative.      This  is  the  only  complete  and  correct  answer  because  the 
ground  is  for  both  the  open  and  close  winding  of  the  motors,  thus  causing 
motor  valve  Itl  to  be  completely  inoperative.    This  in  turn  will  make  motor 
valve  K  inoperate  because  motor  1  supplies  the  voltage  to  operate  motor 


Practice  Problems  #2  and  //3 


If  you  look  at  practice  problem  #2  on  figure  8,  you  will  find  that 
the  circuit  condition  for  this  problem  is,  "Control  Switch  CLOSED  and 
transfer  switch  off."    Now  find  problem  #2  on  figure  7.    By  pUcinJ  the 

8T!tch  to^he  clo8ed  position»  y°u'n  flnd     tn;  ^r 

H5D18N  will  not  allow  the  electrons  to  flow,  thus  affecting  on£  rhe 
closed  winding  of  motor  #1.    You  may  also  note  that  Relay  3  i.  de-energized 

2  LT™  ;h?  ia  no  way  that  BOtor  valve  92  wil1  wSh^Sf 

rW?.     Si  the  C°.^Ct  CirCUlt  n*lfunctl<«  Kiven  at  the  top  of 
figure  8  and  place  an  "X"  in  the  correct  block  for  this  practice  problem. 
Go  on  now  to  practice  problem  #3  and  after  you  have  completed  it,  have 
the  instructor  grade  your  work.    If  the  instructor  initios  your 
vou  are  to  progress  to  the  performance  test.  P  * 
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Student  completes  the  following,  using  the  diagram  in  figure  7. 
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Environmental  Pneudrsulic 8  Branch  3ABR42331-WB-121A ~ 

Chanute  AFB,  Illinois 

DC  MOTOR  AND  CONTROL  CIRCUIT  TROUBLESHOOTING 

OBJECTIVE 

Using  a  DC  motor  control  circuit,  electrical  diagrams,  and 
multimeter,  troubleshoot  five  system  problems.    Four  of  the  five 
problems  must  be  accomplished  with  100Z  accuracv. 


EQUIPMENT 


Trainer  P/N  18501387,  DC 

Reversible  Motor  System 
Multimeter 

CAUTION:    Remove  watches,  rings,  bracelets,  etc.,  before 
starting  any  work  on  the  equipment.    It  is  also  a  good  safety 
practice  to  work  on  the  equipment  with  one  hand.    This  practice 
reduces  the  chances  of  receiving  an  electrical  shock  to  some 
vital  body  organ  when  working  with  electricity. 

PROCEDURE 


The  first  seven  pages  will  be  done  without  the  trainer.  They 
may  be  done  in  the  lab  and/or  classroom  at  the  descretion  of  the 
instructor ( s) .    Page  8  on  will  be  done  in  the  lab.    After  you  get 
to  the  lab_ask  the  lab  instructor  to  assign  you  a  trainer  to  complete 
the  workbook  and  performance  test.    You  will  also  need  a  mil timeter. 
Follow  the  procedures  that  are  given  in  each  exercise. 

When  you  leave  your  trainer  for  a  schedule '  or  unscheduled  break, 
insure  that  the  following  procedures  are  done  betore  you  leave. 

1.  Place  the  CONTROL  SWITCH  to  the  OFF  or  center  position. 

2.  Place  the  TRANSFER  SWITCH  to  the  OFF  position. 

3.  Secure  your  multimeter  during  this  pe-    ■» . 

a.      Insure  the  controls  on  the  meter  ^e  properly  set 
for  storage. 


b.     Leave  the  test  leade  attached  to  the  meter. 

c     Wrap  the  test  leads  around  the  meter. 

d.      Place  the  meter  on  the  locker  shelf. 

4.     When  you  return  from  your  b^eak  take  the  same  meter  from 
the  locker  and  go  back  to  work. 


Supersedes  3ABR42331-WB-121A,  17  September  1980. 
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DISTRIBUTION:  X 
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1.     Before  starting  with  the  troubleshooting  exercise,  thoroughly 
re familiarize  yourself  with  the  operation  of  the  voltmeter, 

a.      In  order  for  the  multimeter  to  read  voltage  (AC  or  DC) 
there  must  be  power  applied  to  the  circuit  to  have  a  voltage  potential 
or  a  difference  between  a  positive  point  and  a  negative  point. 

(1)  To  better  understand  what  is  meant  by  this,  look 
at  figure  1  below  and  continue  reading. 

(2)  If  the  voltmeter  leads  were  placed  into  the  circuit 
as  shown  in  figure  1,  the  meter  would  indicate  a  "0"  (zero)  voltage 
reading.    The  reason  is  because  the  wire  between  the  two  leads  allows 
the  same  voltage  (pressure)  to  exist  at  both  ends  of  it.    Because  its 
the  same  at  both  ends,  the  meter  cannot  measure  a  difference. 


VOLTMETER 


METER  INDICATES 
0M  VOLTS 


SWITCH 


Figure  1. 

Note:    Always  place  the  negative  (black)  lead  at  the  most  negative 
(-)  point  and  the  positive  (red)  lead  at  the  most  positive  (+) 
point. 

(3)    In  figure  1  locate  the  28V  DC  bus  (+)  and  note  that 
the  wire  coming  off  the  bus  is  merely  an  extension  of  the  positive  power 
source  going  through  a  protective  device  (C3).    Therefore,  the  wire  is 
as  equally  positive  at  the  power  bus  as  it  is  at  the  pole  of  the  switch. 

b.     Now  let's  look  at  the  negative  side  of  the  circuit. 
Refer  to  figure  2.    If  you  were  to  place  the  meter  leads  in  the  circuit 
as  shown,  the  meter  also  would  give  an  indication  of  "0"  volts. 
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Figure  2. 

(1)    As  you  know  there  must  be  a  voltage  potential 
and/or  drop  in  the  circuit  for  the  voltmeter  to  read.    This  normally 
caused  by  resistance  (load)  between  the  red  and  black  leads  when  they 
are  connected  in  a  circuit. 


(2)    The  ground  wire  is  hooked  from  k  oint  XI  of  the 
relay  coil  to  the  (.i}  )  ground  point. 

Note:    Because  of  the  reading  of  zero  voltage  in  figures  1  and  2 
these  two  wires  are  GOOD  circuits  WITHOUT  opens. 

c.      IF  you  had  a  voltage  reading  on  the  negative  side  of 
the  circuit  in  fi  are  2,  which  you  should  NOT  have,  it  would  stand 
to  reason  that  something  must  be  wrong  with  the  circuit,  but  what? 

(1)    Refer  to  figures  2  and  3  and  note  in  figure  3  that 
the  ground  wire  for  this  circuit  is  broken  (which  will  automatically 
make  the  circuit  not  work).    Note  th-  way  the  meter  is  connected  in 
figure  3.    The  28V  DC  reading  is  caused  by  the  (high  resistance)  open 
wire  in  the  ground  circuit. 

(&)    There  is  a  definite  voltage  difference 
in  the  ground  circuit  In  figure  3. 

(b)  Only  one  side  of  the  broken  ground  circuit 
in  figure  3  is  now  physically  connected  to  just  the  positive  side  (+) 
of  the  circuit,    xhis  is  the  part  of  the  ground  circuit  connected 

to  X2  of  the  relay  coil. 

(c)  The  other  side  of  the  broken  ground  circuit 
in  figure  3  is  physically  connected  to  the  negative  side  (-)  ground 
point  of  the  circuit. 
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2 
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V 
0 
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Figure  3.  t 

(d)  The  black  meter  lead  Is  connected  to  the 
negative  side  In  figures  2  and  3.  .%    '  h. 

(e)  The  red  meter  lead  Is  connected  to  the 
positive  side  in  figures  2  and  3. 

1       The  meter  reads  the  difference  between 
the  two  points  (+  to  -) .    This  is  because  of  the  broken  ground  wire. 
It  the  wire  was  not  broken  you  would  have  the  conditions  as  shown 
in  figure  2,  a  good  circuit. 


METER  INDICATES 
28  VDC 


BLACK  LEAD 


Figure  4. 
5 

1037 


d.     Nov  let's  ate  how  the  meter  MUST  be  connected  to  the 
circuit  to  get  a  voltage  reading.    In  figure  4  note  that  the  black 
meter  lead  hat  been  placed  at  the  common  ground  point,  further 
note  that  the  RED  meter  lead  la  placed  at  the  circuit  breaker 
checkpoint. 

(X)    The  voltmeter  in  figure  4  will  now  indicate  a 
reading  of  28V  DC,    Why?    This  la  because  of  the  distinct  difference 
between  the  (+)  and  (-)  points  caused  by  the  resistance  (relay  coll) 
between  the  two  meter  test  points  in  the  circuit.    This  voltage 
reading  is  obtained  with  power  on. 


Figure  5. 

(2)    In  figure  5  there  is  infinity  resistance  in  the 
open  contact*  of  the  switch.    The  open  In  the  switch  is  a  NORMAL 
condition  if  the  switch  is  turned  to  the  OFF  position.    This  causes 
the  meter  to  read  28V  PC  as  shown  in  figure  5.    Remeofc^r  bad-  in 
figure  4  the  meter  also  read  28V  DC.    This  was  with  the  switch  clracd 
end  L»*a  reading  was  caused  by  the  resistance  of  the  load  (relay  ,c'.x). 

Note:    Compare  the  polarities  (+)  and  (-)  on  X2  from  figwes  ♦ 
and  5.    They  changed  because  of  tha  switch  position. 

o.     Let's  take  another  reading  of  this  circuit  in  figure  6. 
T*«kf  <•  iiuidltiK  from  X2  of  the  relay  to  the  ground  point.    Note  In 
figure  6  how  the  meter  leads  are  connected.    The  black  at  the  most 
negative  (-)  point  and  the  RED  at  the  most  positive  (+)  point  In  the 
circuit  being  measured.  . 

(1>    Again  the  meter  will  indicate  a  reading  of  28V  DC 
Because  here  again  there  i*  a  difference  in  potential  between  the 

ne  i\    ***  *e8*tive  (-)  sides  of  the  circuit,  which  is  the  relay 
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F'gure  6. 

NOrE  AND  REMEMBER:    In  order  for  the  multimeter  to  indicate 
voltage,  there  must  be  a  voltage  potential  o/  a  difference 
between  positive  (+)  and  negative  (-)  which  is  normally  cause' 
by  a  resistance  (load,  open,  high  resistance,  etc.)  between  them. 
When  you  start  to  take  a  voltage  reading,  you  should  "automatically 
ground"  your  black  meter  lead. 
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Exercise  1 


Caution:    Remove  watches ,  rinfs,  bracelets,  etc.,  before 
starting  any  work  on  the  trainer.    It  is  also  a  good  safety 
practice  to  work  on  the  trainer  with  only  one  hand.  This 
practice  reduces  the  chances  of  receiving  an  electrical  shock 
to  some  vital  body  organ  when  working  with  voltage. 

1.  Trainer  Troubleshooting:    Before  you  can  effectively 
troubleshoot  the  DC  motor  trainer,  you  must  become  thoroughly 
familiar  with  the  normal  operation  of  the  system.    An  operational 
checkout  MUST  be  performed  prior  to  troubleshooting  to  determine 
the  condition  of  the  system  and  to  help  you  locate  exactly  which 
portion  of  the  system  is  defective.    Knowing  when  and  how  the 
systems  operate  normally  is  the  key  to  successful  troubleshooting, 

2.  Follow  the  procedures  below  and  perform  an  operational 
check  of  the  system  with  relay  R3  energized. 

a.  Insure  all  (4)  circuit  breakers  are  pulled  out. 

b.  Place  control  switch  in  the  OFF  position, 
c      Place  transfer  switch  in  the  OFF  position. 

d.  Place  all  trouble  switches  toggles  to  the  OUT 
position.    These  are  located  on  the  back  of  the  trainer, 

e.  Insure  trainer  is  plugged  in. 

f.  Push  in  all  four  (4)  circuit  breakers.    This  supplies 
28V  DC  for  the  system. 

g.  Place  the  TRANSFER  switch  to  the  ON  position.  Leave 
the  TRANSFER  switch  ON  for  exercise  1.    When  the  TRANSFER  switch 

is  turned  ON  relay  #3  will  be  energized. 

Note:    If  you  have  any  questions  et  this  time  see  your  lab 
instructor.    As  you  perform  each  of  the  following  steps,  place 
an  X  in  :he  blank  that  correctly  indicates  relay  or  motor 
position.    You  will  observe  tu^  motor  valve  operation  and  also 
study  the  electrical  diagram  on  the  trainer  «- ,  answer  the 
questions. 

h.  Place  the  CONTROL  switch  to  the  CLOSE  position  and 
irsure  tin,  TRANSFER  switch  is  in  the  ON  position. 

(1)    Which  relay  should  and  did  energize? 

 (a)    Relay  #1  (close  relay) 

 (b)    Relay  #2  (    en  relay) 
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(2)  Which  motor  valve  opened? 

 (a)    Motor  valve  #1 

 (b)    Motor  valve  #2 

(3)  Which  motor  valve  closed? 

 (a)    Motor  valve  #1 

 (b)    Motor  valve  #2 

(4)  Should  R3  be  energized? 
 (a)  No 

 vb)  Yes 

i.      Place  the  CONTROL  switch  in  the  OPEN  position  and  insure 
the  TRANSFER  switch  is  in  the  ON  position. 


(1)  Which  relay  should  and  did  energize 

 (a)    Relay  #1  (close  relay) 

 (b)    Relay  #2   (open  relay) 

(2)  Which  motor  valve  opened? 

 (a)    Motor  valve  #1 

 (b)    Motor  valve  fr? 

(3)  Which  motor  valve  closed? 

 (a)    Motor  \ralve  //l 

 (b;    Motor  valve  if  2 

(4)  Should  R3  be  energized? 

 (a)  No 

 (b)  Yes 


? 


This  completes  the  operational  check  procedures  with  R3  energized 
now  compare  your  answers  to  those  given.    This  way  y-u  will  know  that  ' 
the  trainer  is  operating  normally. 
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Correct  responses  to  Exercise  1: 

h.      (1)  a  i.      (i)  b 

(2)  b 

(3)  a  ,\,  . 

(4)  b  v  '  • 

Tf  all  of  your  answers  agree  with  those  given  above,  you  are  now 
r  ,dy    o  begin  operational  check  with  transfer  switch  OFF  (R3 

SSTSS^r  "I/0"  a?8We"  d°  n0t  agree'  Perforo  the  operational 
check  again  or  ask  your  instructor  for  assistance. 

Exercise  2 

1.      Following  the  procedures  belo-   perform  rn  operational  -V->ck 
of  che  system  with  relay  R3  deenerg-.ed. 

a.  Insure  all  circuit  breakers  are  in  and  power  is  applied 
to  the  wiaiitt-  *.  rr 

b.  Place  the  TRANSFER  switch  to  the  OFF  position, 
c      Place  the  CONTROL  switch  in  th„  oFF  position. 

dL.    In8Ure  a11  trouble  switches  toggles  ar«.  to  the  OUT 
portion.    These  are  located  on  the  back  of  the  trainer. 

Notei    If  you  have  any  questions  at  r.his  time  «ee  your  lab 
instructor.    As  you  perform  each  o<  the  following  steps,  place 
an  X  in  the  jlank  that  correc-ly  indicates  relay  or  motor 
position.    You  will  observe  the  motor  valve  operation  and  also 
a-udy  the  electrical  diagram  on  the  trainer  to  ansver  the  questions. 

e.     Place  the  CONTROL  switch  to  the  CLOSE  position,  and 
ins«~e  the  TRANSFER  switch  is  <n  the  OFF  po-ition. 

(1)    Which  rel-    snoul:*  and  did  energir  .? 

 (a)    Relay  f/i  (close  relay) 

 (b)    Relay  #2  (open  relay) 

 (c)    Rel  iy  #3  (transfer  relay) 


(2)    buoul<£  motor  valve  #2  have  opened? 

 (a)  No 

 (t)  Yes 


(3)    Should  i    :or  valve  relay  #2  have  closed? 

 (a)  No 

 (b)  Yes 


(4)  Should  motor  valve  //l  have  opened? 
 (a)  No 

(b)  Yes 


 (a)  No 

 (b)  Yes 

(6)  Is  relay  R2  ener6ized? 
 (a)  No 

 (b)  Yes 

(7)  Is  relay  R3  energized? 
 (a)  No 

 (b)  Yes 

f .      Place  the  CONTROL  switch  to  the  OPEN  position,  and 


insure  the  TRANSFER  switch  is  in  the  OFF  position. 


(1)  Which  relay  is  energized? 
 (a)    .<elay  #1  (close  relay) 

 (b)    Rtxay  #2  (open  relay) 

 (c)    Relay  #3  transfer  relay; 

(2)  Should  motor  #2  valve  have  opened? 
 (a)  No 

 (b)  Yes 

(3)  Should  motor  vaxve  #2  have  closed? 
 (a)  No 

 (b)  Yes 

(4)  Should  motor  #1  valve  ha/c  opened? 
 (a)  No 

 (b)  Yes 

(5)  Should  motor  valve  #1  have  closed? 
 (a)  No 

 (b)  Yes 

(6)  Is  relay  RJ  energized? 
 (a)  No 


(5)    Did  motor  valve  #1  close? 


,(b)  Yes 
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(7)    Is  relay  R3  energized? 

 (a)  No 

 (b)  Yes 


This  completes  the  operational  check  procedures  w  th  R3  Ammwt.^ 
now  compare  your  answers  to  those  given.    This  way  yo^win  knoTtL^  ' 
the  trainer  is  operating  normelly.  y  0  tnat 

Correct  responses  to  Exercise  2: 

e*  a  f.      (1)  b 

ftt     3  (2)  8 

(3)    a  (3)  a 

(7)    a  (7)  a 

Exercise  3 

about  the  noma!  operation  of  the  ay,te»,  seeW  lob  inatru^o" 
function  in1„™  rsl^"'8  ^  "  3  —  « 

instructo/if  needed"  P°"er  18  "  the  tralMr-    Sm  K"> 

position.  "'     InSUre        C0NIKC!'  <"ltCh  18  10  the  0FF  or  «"« 

c      Insure  TRANSFER  switch  Is  In  the  OFF  position, 
d.     Insure  the  circuit  breukers  (CB)  sre  pushed  In. 

,„a  6'     Si8°  out  a  multl"ater  snd  Insure  it  Is  properly  set  uo 

oTtoplf  STSSiJr  ^  meter*    Pl8Ce  *  'HePmeteyr8botxUP 

DC  »d  ^/°U^r  l**  °n  the  Wlrin8  dla«ram'  the  ^8  bar  has  28V 
DC  and  the  multimeter  must  be  set  up  for  these  values. 

*  -mer  arf'in  ^^1^^  "  Wltd"  °"  the  ^  °f  «■ 
to  the  IN  p8;sitiNo".PlaCe  tr°Uble  8VltCh  "2  °n  the  back  of  the  traine, 
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Exercise  4 


1.     Now  you  are  ready  for  the  operational  check  of  the  system. 
Remember  you  are  now  looking  for  a  visual  malfunction  of  the  valve(s) 
during  the  operational  check 

Note:    You  are  going  to  use  trouble  switch  #2  on  the  back  of  the 
t-ainer  for  the  first  practice  malfunction.    The  trouble  switch 
on  the  back  of  the  trainer  when  placed  to  the  "IN"  position  will 
p.Uce  a  trouble  in  the  electrical  control  circuit  giving  a  mal- 
function.   Because  the  location  of  the  cause  for  the  malfunction 
is  unknown  to  you  in  the  circuit,  you  will  need  to  perform  a 
complete  operational  check  and  then  troubleshoot  the  malfunctioning 
circui    with  a  multimeter.    Once  you  have  moved  a  trouble  switch 
to  the  IN  position  you  will  leave  it  there  until  this  workbook 
and/or  instructor  instructs  you  otherwise. 

a.  Place  the  CONTROL  switch  to  the  OPEN  position. 

(1)    What  has  happened?    Motor  valve  #1  should  je  in 
OR  is  going  tc  the  OPEN  position.    Is  this  normal  operation?  From 
your  studies  you  know  it  is  correct. 

b.  Place  the  TRANSFER  switch  to  the  ON  position. 

(1)    What  has  happened?    Moi;or  valve  #2  snould  be  in 
OR  is  going  to  the  CLOSE  position,    is  this  normal  operation?  From 
your  studies  you  ;mow  It  is  correct.     (Motor  valve  #1  OPENS  and  then 
motor  valve  #2  CLOSES.) 

Note:    You  can  look  through  the  clear  plastic  cover  on  motor 
valve  n  and  observe  the  action  of  the  armature  shaft  rotating 
the  cam  lobe  toward  the  limit  switch.    On  both  motor  valve 
assemblies  you  can  observe  the  valve  butterfly  movement  through 
the  clear  plastic  covers. 

c      Place  the  TRANSFER  switch  in  the  OFF  position  and 
CONTROL  switch  in  the  CLOSE  position. 

(1)  What  haPPened?    Motor  valve  #1  should  bu    did  net 
CLOS*.    The  TRANSFER  switch  is  in  the  OFF  position  which  will  not 
allow  motor  valve  #2  to  operate. 

(2)  Refer  to  the  practice  problem  chart  on  page  17. 
Make  the  correct  entry  under  the  malfunction  OFF  column.    The  entries 
made  will  be  one  of  the  letters  shown  below  in  that  chart  which 
identifies  the  correct  malfunction.    Trouble  switch  #2  has  already 
been  completed.    The  letter  G  (motor  valve  #1  will  not  close)  is 
entered  in  the  OFF  column.    This  is  be  ?ause  the  TRANSFER  switch  is 

in  the  OFF  position. 


i  t.  i^™*!Ure  the  contro1  switch  Is  in  the  CLOSE  position  and 
place  the  TRANSFER  switch  in  the  ON  position. 
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(1)    What  happened?    Motor  valve  />■  u~  v. 

CLOSED  and  motor  valve  #2  did  not  ope!     Th  1 u     v         bUt  ls  not 

function  because  you  can  see  w^at  DTD  mht  t  observable 

vaive       win  not  OPEN)  is  entered  in  the  ON  column. 

i-ho  r aiic r    *    u(3)  ^P18  observable  malfunction  should  tell  you  that 

valve^frlf  'va^  SENSES  °"°» "  ?  "~ 

before  motor  valve  #2  im  operate.  ^        "n  °PMatl°" 


Exercise  5 
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to  fiid  thfcA^SE  £r  ^:dyKt0  tr°?ble8hoot  the  control  circuit  and 
n^  rinc?    5  I  the  observable  malfunction  (motor  valve  #1  win 

meaau^n    method^!    ro^e.o^C'  'ftL"  ""Y" 

amount  of  pover  In  the  positive  circuit  im  i-.,  -kl     i«  c°rrect 
unit  (load)  indicate,  that  t„,  po.l         SLStt^.^"^^  e 
voltage  check  taken  at  the  plug  .111  tell       "„  continufJrouMe 

would  the„~heck  out  £  ground^  £"L"J5j= [^d. 

Mlfunc°"o°,;.the  '°ll0Wln8  *  «*»  «or  the  cauae  „,  the 

a.      Connect  the  BLACK  lead  from  the  meter-  to 
ground  point  on  the  trainer.    This  pJ^t^S^^ST 
of  the  trainer  between  the  two  motor  valve  units      The  BLACK  „, 
stay  there  during  the  following  voltage  measurement^  ^  ^ 

and  motors)  in  tne  ^1^2™"  **  aU  Unlt8  (rel*y8 

m.o  n    ,v.,b"      'J"  lhG  RED  lead  and  ^ure  the  applied  voltaae  on 
the  positive  side  of  the  malfunctioning  unit  (load).  * 

the  motor  §L.     U)    ^  fall1ng  Unlt  (load>  is  the  close  winding  in 

function  BEFORE  motor  vive^To'p™ 
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(3)    You  will  begin  measuring  on  the  positive  side  of 
the  malfunctioning  load.    U$e  pin  B  on  the  connector  plug  of  the 
motor  valve  #1  for  this.    Place  the  RED  lead  on  pin  B  and  read  the 
meter.    Pin  B  is  connected  to  the  motor  winding  on  the  positive  side. 

,    rwT       /  i_    ,  !4)    The  meter  readln8  on  point  B  on  motor  valve  #i 
is  OV  DC  (should  be  28V  DC;  and  this  OV  DC  indicates  the  positive 
(CLOSE)  control  circuit  has  failed.    This  means  you  will  now  trouble- 
shoot  only  in  the  positive  (CLOSE)  control  circuit  for  the  CAUSE 
for  the  malfunction. 

Note:    IF  at  point  B  you  had  a  normal  voltage  reading  of  28V  DC, 
this  reading  would  indicate  a  good  positive  CLOSE  control  cir- 
ciit  and  then  you  would  check  out  the  ground  circuit  (point  E 
motor  valve  #1),    You  will  check  out  the  ground  circuit  ONLY  IF 
the. positive  circuit  is  OK. 

c      Because  you  now  know  the  malfunction  is  in  the  positive 
CLOSE  control  circuit,  you  must  move  the  RED  lead  to  the  next  point 
(junction)  A2  of  Rl.    Remember  because  o    the  low  voltage  you  are 
looking  for  the  28V  DC  power  in  cue  circuit     You  will  have  to 
follow  wire  H1B18  to  junction  A2.    The  meter  reading  at  A2  is  also 
DC  and  thls  should  tell  you  to  move  across  the  armature  of  the 
relay  to  Al. 

Note:    Why?    Because  the  voltage  comes  from  the  bus  bar  and  you 
will  troubleshoot  from  the  load  to  the  power  source,  trying  to 
find  where  the  28V.  DC  power  has  stopped  in  the -positive  control 
circuit  before  it  reaches  the  load.    This  location  will  help 
you  identify  thv»  cause. 

d.  Ihe  next  check  point  (junction)  is  Al  of  Rl.  This 
meter  reading  on  Al  of  28V  DC  indicates  that  from  this  point  to  the 
10A  circuit  breaker  is  a  good  circuit,  and  you  wm  not  need  to 
check  the  voltage  at  the  circuit  breaker. 

Note;    Remember  voltage,  power,  current  will  not  at  anytime  FLCW 
through  OR  in  the  dotted  line  in  the  relay  symbol. 

e.  The  power  on  one  side  of  the  relay  armature,  (point  Al) 
but  NOT  on  the  other  side  (point  A2)  indicates  the  armature  didn't 
CLOSE* 

f.  To  find  out  why  the  relay  armature  didn't  close  you 
must  now  troubleshoot  the  positive  relay  control  circuit.  Being 
that  the  relay  coil  is  a  load  on  thi*  circuit  you  will  now  trouble- 
shoot by  measuring  with  the  RED  lead  at  the  positive  side  of  the 
relay  coil  (load)  connection,  X2  of  Rl.    The  meter  reading  at  point 

X2  of  Rl  is  28V  DC.    This  indicates  the  positive, circuit  for  the  rrlay 
coil  is  functioning  normally. 

Note:    Only  IF  point  X2  of  Rl  was  reading  OV  DC  would  this 
indicate  a  failing  positive  circuit  for  the  relay  coil  IF 
this  was  the  case,  you  would  continue  troubleshooting  further 
into  the  positive  relay  circuit,  through  the  control  switch  to 
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and  through  the  circuit  breaker  IP  weeded.   Remember,  only  IF 
both  positive  and  negative  circuit*  checked  out  OK  for  the 
relay  coil,  then  the  load  (coil)  iuelf  nay  have  failed 
Internally  and  you  would  rep'.ace  it, 

.        g.     You  should  have  checked  put  the  poeitive  aide  of  the 
circuit  to  the  relay  coil  and  found  it  is  OK.   How,  becauae  the  relay 
la  still  inoperative  you  suae  check  out  the  negative  circuit  of  the 
relay  coil.    This  is  done  by  measuring  the  voltage  at  XI  of  Rl.  You 
should  normally  read  OV  DC  but  you  find  an  unwanted  28V  DC  power  at 
this  point,  this  indicates  an  open  ground  circuit  for  the  relay 
coil.    Remember,  without  the  relay  functioning  correctly  it  will 
cause  e  aalf unction  on  actor  valve  #1 • 

....  . .    _  (1)v  Id««tify  the  Malfunction  by  writing  in  the  letter(a) 

which  ldentlflea  the  malfunction.   Only  one  letter  in  each  column  ia 
required.    (These  have  already  been  done  for  you.) 

(2)  Complete  the  cause  columns  by  writing  in  the 
(type  of  trouble)  and  (unit  or  wire  number).  These  have  already 
been  done  for  you. 

it  thie  ti        ^         y°Ur  Ub  in,tructor  1£  you         any  questions 

fJ  A   „    *•     *rtwf~t  to  the  practice  chart  on  page  17  and  you  will 
find  all  the  required  entries  already  made  for  trouble  switch  #2. 
Study  the  entrlaa  made  to  acquire  knowledge  on  aow  to  wake  the 
entries  for  the  remaining  trouble  switches.  You  will  also  find  that 
you  havs  two  (2)  malfunction  coluans.   You  will  complete  both 
colvna  aa  needed. 

Exercise  6 

You  hav^  completed  troubleshooting  trouble  #2.   You  should  bs  sble 
to  troubleshoot  s  malf unction  on  yoi»r  o«^  zt  thia  tine.      j  nay  aak 
for  assistance  from  ths  lab  Instructor,  if  necessary. 

1.     Follow  the  procedures  bslow  to  troubleshoot  a  malfunction 
in  the  trainer  that  you  will  do  for  practice. 

e.     Xnaure  power  is  connsctsd  to  ths  treiner.   See  your  lab 
Instructor  if  nssdsd. 

b.     Insure  CONTROL  switch  is  ia  ths  OFF  or  csuter  position, 
c     Insure  TRANSFER  switch  is  in  ths  OFF  position, 
d.     Insure  circuit  bteskere  are  pushed  in. 

n.,*.A  *   !:     X!!,ur*  mltiamtn  U  PWF«ly  ast  u?  and  leads  ar*  con- 
nsctsd  to  ths  meter. 

« 

"  1048 


g.      See  the  instructor  Co  have  a  TROUBLE  switch  #  enterad 
in  for  the  practice  problem  and  performance  test  charts  on  page  17 
and  the  performance  test. 


h.      Now  place  the  TROUBLE  switch  #  entered  on  the  practice 
problem  chart  to  the  IN  position  on  the  back  of  the  trainer. 

2.      Perform  an  operational  check. 

1 1 _ __n ^       Complete  both  malfunction  columns  transfer  switch  "ON"  and 
OFF    as  required.     (If  there  is  an  X  in  one  of  the  blocks,  no  entry 
is  required.)  J 

4.  Troubleshooting  tne  circuit(s)  for  the  cause. 

5.  Complete  both  CAUSE  columns. 

6.  Check  the  wire  number  against  your  entry  in  the  malfunction 
columns  for  a  recheck  of  your  work.    Note:    Remember  how  you  did 
your  wiring  diagr   -  workbook  in  the  classroom,  use  that  knowledge 

to  cross  check  thi»  work, 

7.  Have  your  instructor  check  and  initial  your  work  before 
progression.    If  your  work  is  incorrect  follow  the  instruction  given 
by  the  instructor. 

Practice  Problems 


Trouble 

Switch 

Number 


Malfunction 


Transfer  Switch 


ON 


OFF 


Cause 


Type  of  trouble 
open,  short,  etc. 


open 


Unit  or  wire 
Number 


H5D18N 


A. 
B. 

C. 
D. 
E. 
F. 
G. 
H. 
I. 


Mocor  1  will  not  close  snd  motor  2  will  not  open. 

Motor  1  will  not  open  and  motor  2  will  not  close. 

Motor  1  and  2  inoperative. 

Motor  2  will  not  open. 

Motor  1  inoperative. 

Motor  2  inoperative. 

Motor  1  will  not  close. 

Motor  1  will  not  open. 

Motor  2  will  not  close. 
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Note:    The  circuit  malfunction  must  describe  exactly  what  is 
malfunctioning,  nothing  more  or  less.    Always  note  tlie  position 
of  the  control  switch,  transfer  switch,  and  motor  limit  switch. 

Instructor's  Initials   Practice  Problem  Grade 


If  your  lab  instructor  signs  off  your  practice  work,  you  will  be 
assigned  your  progress  check  material. 

Exerc   «e  7 

PROGRESS  CHECK  INSTRUCTIONS 

This  progress  check  will  require  you  to  correctly  solve  a  minimum 
of  4  out  of  the  5  problems  given.    This  should  be  accomplished  in  much 
the  same  manner  as  the  practice  problems.    The  instructor  will  check 
and  initial  your  work  after  the  5  problems  are  graded  and  passed.  If 
you  have  mis3ed  more  than  one  (1)  problem,  you  will  follow  the  instruc- 
tions of  /our  lab  instructor. 

You  will  not  communicate  (talk,  etc.)  with  other  students  during 
tlv;  progress  check  without  your  lab  instructor's  permission. 

You  will  not  use  fellow  students1  work  to  solve  the  problems  in 
thiv  progress  check. 

You  must  satisfactorily  complete  this  pi  gress  check  before  further 
progression  to  other  lab  troubleshooting  projects. 

Note:    If  any  part  of  the  answers  (cause  or  malfunction)  to  the 
trouble  switch  #  is  wrong,  the  instructor  will  mark  the  whole 
trouble  switch  entry  incorrect.    This  means  YOU  will  have  to  find 
what  part  or  parts  of  the  cause  or  malfunction  is  incoricwt  for 
that  trouble  switch. 

Students  will  please  complete  the  following  (print): 

STUDENT'S  NAME   

(Last)  (First) 

DATE  PROGRESS  CHECK  STARTED 
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Trouble 

PR 

OGRESS  CHECK 

Switch 
Number 

Transfer 
ON 

Switch 
OFF 

cause 

TVDS   of  trnuhl* 

Open .short. etc. 

Lin  it  or  wire 
Number 

Instruct 
Assist  I 
1st 

or 

nit ial 
2nd 

A. 

B. 
C. 
D. 
E. 
F. 
G. 
H. 
I. 


Jk—.  valve  1  will  not  close  and  motor  vaive  2  will  not  open. 

Motor  valve  1  will  not  open  and  motor  valve  2  will  not  close. 

Motor  valve  1  and  2  inoperative. 

Motor  valve  2  will  not  open. 

Motor  valve  1  inoperative. 

Motor  valve  2  inoperative. 

Motor  valve  1  wi'i  not  close. 

Motor  valve  1  will  not  open. 

Motor  valve  2  will  not  close. 


Before  you  have  your  instructor  check  your  work,  recheck  it  yourself 
xike  you  did  in  the  practice  problems.  yourseir 


Instructor's  Initials 


Complete  Progress  Check  Grade 


lnu  ^e5h"  y°"  have  failed  or  passed  this  progress  check,  you  will  fol- 
low the  instructions  given  to  you  by  the  lab  and/or  classrooi  instructor. 
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If  you  have  satisfactorily  completed  the  progress  check,  store 
your  multimeter  and  trainer  in  the  following  way: 

1.  Pull  out  all  the  circuit  breakers  (4)  each. 

2.  Place  the  control  switch  in  the  OFF  position. 

3.  Place  the  transfer  switch  in  the  OFF  position. 

4.  Place  all  trouble  switches  toggles  to  the  OUT  position. 
These  are  located  on  the  back  of  the  trainer. 

5.  Insure  all  your  training  literature,  pencils,  etc,  are  taken 
with  you  when  you  leave  the  lab. 

6.  Insure  your  trainer  and  the  area  around  it  are  clean  before 
leave  the  lab. 


7.  Properly  store  and  sign  in  your  multimeter  before  you  leave 
the  lab. 

8.  Check  with  the  leb  instructor  before  you  leave  the  lab. 

Note:    Did  you  leave  your  multimeter  set  on  OHM's?    If  you  have 
to  go  back  and  change  it* 
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OBJECTIVES 


Using  Kirchhoff's  Current,  Voltage  and  Ohm's  Laws,  solve  for 
unknowns  in  temperature  controlling  bridge  circuits*    A  minimum  of 
8  out  of  10  unknowns  must  be  correct* 

INSTRUCTIONS 

This  programmed  text  presents  information  in  small  steps  called 
"frames."    After  each  step  you  are  asked  to  respond  to  the  information 
in  some  way.    Do  not  mark  in  this  text.    Read  the  material  and  make 
your  response  on  the  response  sheet  as  directed  by  the  frame.  After 
you  have  made  your  response,  compare  your  answers  with  the  correct 
answers  on  the  following  page  or  next  even  numbered  page.    If  you 
find  you  are  incorrect,  reread  the  frame  to  get  the  correct  information, 
If  you  are  right,  and  you  understand  the  information  presented  in  that 
frame,  proceed  to  the  next. 

Remember,  you  are  not  graded  on  how  fast  you  go.    Do  not  rush, 
but  do  not  loaf.    You  will  be  required  to  take  a  test  at  the  end  of 
this  text  to  determine  what  you  have  learned.    Since  your  learning 
in  every  frame  usually  depends  on  what  you  have  learned  in  the  pre- 
ceding frame,  DO  NOT  SKIP  ANY  FRAME. 


Supersedes  3ABR42331-PT-122,  8  May  1980. 
OPR:     3370  TCHTG 
DISTRIBUTION:  X 

3370  TCHTG/TTGU-P  -  1000;  DAV  -  1 
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Frame  1 


You  are  going  to  learn  a  circuit  that  is  used  extensively  in 
aircraft  environmental  systems.    It  is  called  the  automatic 
temperature  control  circuit.    That's  right — AUTOMATIC.    It  can 
actually  decide  the  correct  thing  to  do.    Of  course,  we  "program" 
its  activity  so  it  will  make  the  right  decisions. 

If  the  pilot  or  a  crew  member  wants  to  change  the  temperature 
in  the  cabin,  he  will  simply  turn  a  control  knob.    The  system  will 
automatically  adjust  to  the  temperature  he  selects.    This  system 
operates  much  like  the  heating  and  air  conditioning  system  in  your 
home.    You  simply  set  a  thermostat  to  the  temperature.    Your  furnace 
or  air  conditioner  automatically  maintains  the  temperature  you 
select. 

Do  you  recall  the  symbol  for  a  battery?    We  thought  it  best 
if  we  presented  the  battery  symbols  again  to  refresh  your  memory. 

A  battery  symbol  is  shown  at  the  bottom  of  the  page.  Notice 
the  symbol  has  long  lines  and  short  lines.    The  long  lines  indicate 
the  POSITIVE  terminals.    The  short  lines  indicate  the  NEGATIVE 
terminals  of  the  battery. 

Of  course,  the  (+)  sign  indicates  POSITIVE  whi*1    the  (-)  sign 
indicates  NEGATIVE 


NEGATIVE 


NO  RESPONSE  REQUIRED 
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CORRECT  RESPONSES  TO  FRAME  1:    No  response  required. 


Frar.3  2 


The  circuit  that  you  will  be  working  with  is  called  a  DC  bridee 
circuit.    This  "bridge"  is  used  to  automatically  control  the  tempera- 
ture in  the  aircraft.    You  must  know  the  basic  structure  of  the  circuit 
to  learn  how  it  automatically  controls  the  temperature.    Notice,  the 
circuit  has  five  separate  resistors  and  a  source  of  EM?  (voltage). 
Notice  that  between  points  A  and  B  the  circuit  shows  resistor  R-3. 
This  resistor  bridges  across  the  parallel  circuit  making  it  a  bridge 
circuit* 

The  circuit  operates  on  the  principle  of  a  voltage  potential 
between  different  points  of  the  circuit,  A  and  B.    Notice,  at  point 
C  the  circuit  parallels  into  two  branches.    The  left  branch  is  made 
up  of  resistors  R-l  and  R-2.    The  right  branch  is  made  up  of  resistors 
R-  ♦  and  R-5.    The  parallel  circuits  become  a  bridge  only  when  connected 
together  by  resistor  R3. 


C 


D 


Complete  the  statements.    Write  your  response  on  the  response  sheet. 

1.  The  bridge  circuit  operates  on  the  principle  of  a   

of  voltage  between  different  points  in  the  circuit. 

2.  The      sistor  that  bridges  the  two  parallel  branches  is 
resistor 


Frame  3 


For  a  current  to  flow,  a  difference  of  voltage  potential  must 
exist  between  two  points.    If  point  A  has  a  higher  potential  than  B, 
current  will  flow  across  resistor  R3.    Also,  if  B  is  higher  than  A, 
current  will  flow  across  resistor  R3. 


It  is  necessary  to  know  operation  of  a  bridge  to  understand 
aircraft  temperature  control.    You  must  know  the  structure  of  the 
circuit  and  the  function  of  its  components.    Also,  how  each  part  of 
the  circuit  affects  operation  of  the  bridge.    The  following  frames 
will  go  through  commutation  of  bridge  voltages. 

Answer  the  statement  true  (T)  or  false  (F)  on  the  response  sheet. 

Current  can  flow  either  from  points  A  to  B  or  from  points  B  to  A. 


C 
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CORRECT  RESPONSES  TJ  FRAME  2:    1.  potential  or  balance     2.  R-3 
CORRECT  RESPONSES  TO  FRAME  3:  True. 
Fra^e  4 

Refer  to  page  49.    Locate  the  diamond  shaped  diagram;  it 
looks  similar  to  the  circuit  shown  in  frame  3.    Locate  the  points 
of  the  diamond,  A,  B,  C,  and  D.    lr  a  difference  in  voltage  potential 
exists  between  points  A  and  B,  ti  ill  be  a  current  flow  across 

the  coil  between  these  two  points.  ..is  will  energize  the  temperature 
control  valve.     It  will  then  operate  in  one  direction  or  the  other. 

For  example,  assume  that  the  voltages  are  unequal  and  current 
flows  from  point  A  to  point  B.    As  current  flows  across  the  coil 
(located  between  A  and  B)  the  coil  becomes  magnetized.    The  right 
hand  end  becomes  the  north  pole.    This  pushes  the  contact  down  on 
the  right  side.     The  close  side  of  the  temperature  control  valve  is 
energized.    As  a  result,  this  valve  closes  farther  and  allows  more 
cold  air  to  enter  the  cockpit. 

Assume  that  current  flows  across  the  bridge  from  point  B  to 
point  A.     In  this  case,  the  coil  becomes  magnetized  in  the  opposite 
direction.     The  left  side  of  the  contact  is  pushed  down.    The  open 
side  of  the  temperature  control  valve  is  energized.    This  allows 
more  ho»  air  to  enter  the  cockpit. 

Complete  the  statements.  Write  your  responses  on  the  response  sheet. 

1.  If  voltages  between  points  A  and  B  are  equal  there  will  be 
 across  the  bridge  coil. 

2.  The  temperature  control  valve  is  controlled  by  the   

circuit. 

3.  If  the  voltages  are  unequal  between  points  A  and  B,  there 
will  be  across  the  bridge. 


Frame  5 


The  rest  of  the  text  describes  the  circuit  function.    To  understand 
how  the  bridge  operates  you  must  compute  voltages  in  series  and  parallel 
circuits.    You  must  know  how  each  point  of  the  circuit  relates  to  all 
other  points.    How  to  combine  and  compute  series-parallel  circuit 
voltages.    Be  able  to  determine  how  an  unbalanced  or  balanced  condition 
occurs. 

Foldout  //l  shows  a  bridge  circuit  controlling  a  temperature 
control  valve.    The  valve  gives  either  hot  or  cold  air.    The  purpose 
of  the  bridge  is  to  automatically  control  this  valve.    The  valve, 
in  turn,  controls  the  aircraft  temperature. 


NO  RESPONSE  REQUIRED 


CORRECT  RESPONSE  TO  FRAME  4:      1.    no  current      2.  bridge 

3 .    current  flow. 
CORRECT  RESPONSE  TO  FRAME  5:      Mo  response  required. 
Frame  6 

Previously,  you  studied  series  and  parallel  circuits.  You 
observed  the  effects  of  current,  voltage  and  amperage  in  these 
circuits.    Before  you  can  use  these  values  you  must  determine 
which  is  a  series  or  parallel  circuit. 


• 


BRANCH 
• 


BRANCH  2 


In  the  illustration  *bove  notice  that  resistors  Ra  and  Rb  are 
in  series  with  *ach  other.    Resistors  R^  and  Rd  are  also  in  series 
with  each  other.    Note  that  Ra  and  Rb  make  up  Branch  #1.    Rc  />nd 
Rd  make  up  Branch  itl.    Notice  that  Branch  01  and  Branch  it!  are  in 
parallel  with  each  other. 

**cudy  the  illustration  below  and  answer  the  questions  which  follow. 


B 


■AW 


Write  the  correct  answers  on  the  response  sheet. 

1.  Points  F  are  common  (resistors)  (grounds). 

2.  Resistors  B  and  C  are  in  (series)   (parallel)  with  each  other. 

3.  Resistors  B  and  C  are  in  (series)  (parallel)  with  D  and  E. 

4.  Resistors  D  and  E  are  in  (series)  (parallel)  with  each  other. 
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Frame  7 


Resistors  are  placed  in  a  circuit  in  many  different  ways.  When 
they  have  certain  things  in  common,  they  form  a  series-parallel 
circuit.    Illustrations  A,  B,  and  C  are  a  few  circuit  i  rangements. 


*^wv — ||i  d 
A  2 


B 


We  have  assigned  numbers  and  letters  to  different  points  in 
the  circuits.    This  will  assist  you  in  locating  the  points  being 
discussed.    The  reference  points  must  be  known  before  the  circuit 
can  be  analyzed  and  computed.    Use  illustrations  A,  Bt  and  C  to 
answer  the  statements  on  your  response  sheet. 


1.  Point  C  is  located  between  resistors  (1-3)  (2-4)  and  is 
connected  to  the  (+)  (-)  battery  terminal. 

2.  Point  D  is  located  between  resistors  (1-3)   (2-4)  and  is 
connected  to  the  (+)  (-)  battery  terminal. 

3.  The  most  positive  point  in  these  circuits  is  point  (A)  (B)  (C) 
(D). 


4.      The  most  negative  point  in  these  circuits  is  point  (A)  (B)  (C) 
(D). 


CORRECT  RESPONSES  TO  FRAME  6:  1. 

4. 

CORRECT  RESPONSES  TO  FRAME  7:  1. 

4. 


grounds  2.  series  3.  parallel 
series. 

(1-3)  (+)    2.     (2^4)  (-)    3.  (C_)_ 


Frame  8 

At  this  point  let's  have  a  quick  review.    Remember  the  rules 
for  finding  the  totals  of  E,  I,  and  R  in  a  series  circuit? 

Et  *  sum  of  /oltages,  It  =  same,  and  Rt  *  sum  of  all  resistors  in 
the  circuits. 

Apply  Ohm's  laws  to  solve  the  following  series  circuit  problems. 
If  you  feel  you  need  a  review,  refer  to  the  text  on  series  circuits* 
Kirchhoff 's  Current  Law,  Kirchhoff 's  Voltage  Law  and  Ohm's  La*  as 
necessary.    Use  your  response  sheet  to  record  your  answers. 


Et=»v 


^ — 

RT=7n 


10 
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COPPECT  RESPONSES  TO  FRAME  8: 


ET=I5V 

lT=3A 

RT=50 


IT=8A 


Frame  9 

When  computing  series-parallel  circuit  problems,  the  main  appli- 
cation of  Ohm's  law  you  will  be  dealing  with  is  voltage.    Let's  review 
the  effect  of  voltage  in  a  parallel  circuit.    In  a  parallel  circuit 
voltage  pushes  with  equal  pressure  across  all  branches.    Or  voltage 
has  the  same  value  in  each  branch  of  a  parallel  circuit.    Solve  the 
parallel  circuit  problems.    Notice  what  happens  to  voltage. 


NO  RESPONSE 


NO  RESPONSE 


ET*I2V 


ET«4V 


E'lOOV 


E'lOOV 


E«KX>V 


E«7V 


(DE'7V  €> 


® 


E«3V 


Et»3V 
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CORRECT  RESrDNSES  TO  FRAME  9:      1.    F  -  4v     2.    Et  »  7v      3,    E  =  3v 

4.    E    *  2v. 

Frame  10 

In  a  parallel  circuit,  remember  that  E^  »  same,  1^  »  sum,  and 

Rt  ■  less  than  the  least.    In  the  figure  below  you  will  notice  there 

is  a  12  volt  potential.    This  potential  is  at  the  positive  (+)  post 
of  the  battery.    Also,  12  volts  are  impressed  at  point  C  of  the 
circuit.    Note,  from  the  battery  to  point  C  there  is  only  one  path 
for  voltage.    Starting  at  point  C  you  have  two  paths  for  voltage. 
The  first  path  is  from  point  C  to  point  B  to  point  D.    One  of  the 
easiest  ways  to  trace  a  voltage  path  is  from  the  positive  terminal 
of  a  power  source  to  the  negative  point  in  a  given  circuit. 


Write  the  correct  answer  for  the  statements  below  on  the  response  sheet. 

1.  The  easiest  way  to  trace  a  voltage  path  in  a  circuit  is 
from  (negative  to  positive)  (positive  to  negative). 

2.  Voltage  drop  (is  the  same)  (differs)  across  all  branches 
of  a  parallel  circuit. 

3.  In  the  circuit  above,  there  are  12  volts  impressed  at 
point  (A)  (B)  (C)  (D). 
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Frame  11 


The  circuit  below  is  a  series-parallel  circuit.    Study  it  closely. 
Remember  that  between  points  C  and  D  the  circuit  divides  into  two 
series  branches.    When  you  see  the  two  circuics,  go  on  to  Frame  12. 


CORRECT  RESPONSES  TO  FRAME  10:     1.    positive  to  negative    2.     is  ^he  same 


CORRECT  RESPONSE  TO  FRAME  11:      No  response  required. 
Frame  12 

To  aid  in  computing  the  voltages  and  currents  in  a  series-parallel 
circuit  use  a  mask  to  cover  the  right  side  of  the  circuit.    It  would 
then  appear  as  shown  in  the  circuit  below.    You  are  now  dealing  with  a 
series  circuit.    The  circuit  has  two  resistors  in  series  with  each 
other.     Study  the  reading  of  the  battery.    The  voltage  total  for 
the  circuit  is  E    ,12  volt*. 


C 


Write  your  answers  on  the  response  sheet. 


9 

ERLC 


Look  at  resistors  R^  and  R^;  you  have  been  given  the  value  of 
each  resistor.    If  you  add  them  together  (R^  and  R^) ,  you  can  get 
the  total  resistance  (Rt).    Do  so  now  and  enter  the  resistance  total 
on  the  response  sheet. 

You  now  have  two  complete  values  (E^  and  R^).    Using  Ohm's  law 

find  the  rest  of  the  totals.    Use  the  formula 

E 

I  =JL 

t      R  ' 
t 

When  you  have  determined  the  current  total  (I  )  you  have  the  key  to 

the  rest  of  the  circuit.    Remember  the  statement?    "Throughout  a 
series  circuit,  current  flow  remains  the  same.1     Simply  ptated;  when 
one  (1)  amp  of  current  flows  through  the  first  resistor,  the  same 
one  (1)  amp  of  current  will  flow  through  the  rest  of  the  resistors 
in  series.    Example:    l1  -  1A;  1^  -  1A.    Find  the  rest  of  the  values 
in  the  circuit. 


14 
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Frame  13 


The  next  step  is  to  complete  the  right  side  of  the  series-parallel 
circuit*    Follow  the  same  procedures  used  in  the  preceding  frame 
Cover  the  left  branch  of  the  circuit*    Ycur  circuit  should  appear  as 
shown*    Remember,  you  are  not  required  to  compute  this  circuit  as  a 
parallel  circuit*    The  only  computation  that  you  must  know  of  a 
parallel  circuit  is  that  vol"^ge  potential  is  equally  applied  across 
each  branch  of  the  circuit.    From  there,  the  two  branches  are  separated 
and  treated  as  two  separate  series  circuits. 


Write  your  answer  on  the  response  sheet. 

Using  the  information  learned  so  far,  compute  the  right  han:? 

side  of  the  circuit.    The  totals  formula  (E_  =  ,  I    =  ,  R    -    ,  will 

t  t  t 

not  be  entered  on  the  rest  of  the  circuits.     It  will  be  necesj^ry  for 
you  to  set  up  your  own  formulas*    When  you  first  look  at  a  circuit 
from  now  on,  you  should  automatically  set  up  the  formulas. 


1967 


CORRECT  RESPONSES  TO  FRAME  12:      E„  -  12vt  I    =  1  ,  R    -  12;  E    =  8v, 

II  =  la>  E2  =  4v»  *2  "  la* 
CORRECT  RESPONSES  1J  FRAME  13:      Et  =  I2v,  It  =  1.5a,  Rt  -  8,        =  6v, 

I3  -  1.5a,  E^  -  6v,  It  *  1.5a. 

frame  14 

Let's  combine  what  you  know  about  a  series  and  parallc  circuit. 
Refer  to  the  figure.    Solve  the  following  problems  using  O^m's  Law, 
Kirchhoff's  Laws  and  the  principles  of  series  and  parallel  circuits 
on  your  response  sheet. 

Note:  Remember  at  point  C,  voltage  is  equally  applied  across 
each  circuit.  Read  the  bottom  paragraph  before  competing  the 
bridge. 


Remember,  from  point  C  you  are  dealing  with  two  series  circuits. 
Take  your  mask  and  cover  the  right  path  of  the  circuit  (R^  and  R^) . 

R1  and  R2  now  make  up  a  series  circuit.    It  must  be  computed  as-such. 

After  completing  the  left  path  of  the  circuit,  cover  the  left  path 
and  compute  the  right  path.    You  now  have  resistors  R3  and  R^  in 
series.    The  circuit  must  be  treated  as  such.    You  dp  not  compute 
this  circuit  as  a  parallel  circuit,  except  for  the  voltage  factor 
being  equally  applied  across  each  branch* 
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CORRECT  RESPONSES  TO  FRAME  14: 


Frame  15 


# 


To  aid  you  further  in  computing  series-parallel  circuits,  we 
have  listed  four  more  that  you  must  complete.    Using  the  principles 
learned  thus  far,    Write  your  answers  on  your  response  sheet. 


Ept2V-zr- 


CIRCUiT  I 


CIRCUITS 


ERIC 


ET=24V-=1 
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CORRECT  RESPONSES  TO  FRAME  15: 


CIRCUIT  I 

C 


D  CIRCUIT  4 

C 


Frame  16 


The  next  important  step  is  defining  voltage  polarities  at  different 
points  within  the  circuit.    Remember,  it  was  stated  that  point  D  is 
negative*    It  is  connected  tc  the  negative  terminal  of  the  battery* 
In  fact,  point  D  is  the  most  negative  point  in  the  circuit.  Simply 
stated,  if  point  D  is  most  negative,  nothing  else  could  be  more 
negative*    If  any  other  p >ints  are  referenced  to  D  they  will  always 
have  to  be  positive.    Read  this  information  again;  it  will  prove  to 
be  a  key  in  determining  bridge  operation*    Referring  to  the  illustra- 
tion, identify  the  correct  polarity  gymbol  in  each  statement. 
Write  your  answer  on  the  response  sheet* 


12V  —= 


1. 

C 

is 

(+) 

(-)  in  respect  to  point  D. 

2. 

D 

is 

(+) 

(-)  in  respect  to  point  C. 

3. 

B 

is 

(+) 

(-)  in  respect  to  point  D. 

4. 

A 

is 

(+) 

(-)  in  respect  to  point  D. 

5. 

D 

is 

the 

most  (+)  (-)  pcint  of  the  circuit. 

6. 

C 

is 

the 

most  (+)  (-)  point  of  the  circuit. 

CORRECT  RESPONSES  TO  FRAME  16:    1.  (+)     2.  3.  (+}_   4.  (+)_    5.  _£zl 

6. 

Frame  17 

Up  to  this  poxnt  you  have  been  dealing  with  series-parallel 
circuits.    This  type  of  circuit  is  necessary  for  a  "bridge"  circuit. 
What  is  a  bil dge?    It  is  something  that  allows  us  to  get  from  one 
point  to  another.    An  example  is  the  Golden  Gate  Bridge.    It  allows 
you  to  get  from  one  side  of  the  Bay  to  the  other  without  going  around. 
Our  bridge  works  on  the  3ame  principle.    We  are  going  to  bridge  our 
circuits  between  points  A  and  B.    Below  are  some  possible  arrangements 
of  bridge  circuits.    Notice,  the  paths  that  have  been  provided  for 
current  to  flow  from  A  to  B  or  from  B  to  A. 


BRIDGE  3 


BRIDGE  5 


Did  you  notice  that  in  bridge  1  we  used  a  voltmeter,  bridge  2, 
a  resistor,  bridge  3,  a  coil,  bridge  4,  a  light  bulb,  and  bridge  5, 
a  voltmeter?  Remember,  to  make  a  bridge,  you  can  use  various  types 
of  bridging  devices. 


No  Response  Required 
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Frame  18 


You  have  learned  that  voltage  was  "used  up"  in  a  circuit  by  pushing 
current  through  a  resistance.    Another  term  for  the  "using  up"  of 
voltage  by  a  circuit  is  "voltage  drop."    Voltage  drops  in  a  series 
circuit  are  in  p.       rtion  to  the  different  resistances  in  the  circuit. 
The  total  voltage  drop  is  equal  to  the  sum  of  the  voltages.  Voltage 
drop  is  determined  by  the  resistance  of  the  circuit. 

In  the  circuit  below,  notice  that  resistor       indicates  8  volts. 

What  this  means  is,  of  the  12  volts  available  at  point  C,  8  volts  are 
being  used.  The  8  volts  will  push  1  amp  of  current  flow  through  this 
resistor.    You  have  A  volts  remaining. 

From  resistor       there  is  a  wire  to  the  top  of  resistor 

This  wire  offers  very  little  resistance  to  current  or  voltage. 
The  remaining  4  volts  will  not  be  used  on  this  wire.    The  A  volts 
will  be  used  through  resistor  ^* 

It  should  be  obvious  at  this  point  that  no  voltage  is  coming  out 
of  resistor  ^e  voltage  difference  between  C  and  D  is  12  volts. 

All  the  voltage  is  used  by  the  circuit  to  push  current  through  both 
resistors.    A  voltage  reading  to  ground  at  point  D  is  zero  volts. 

C 


E3=6V 
13=  1.5V 


Using  point  D  as  reference  ir  the  diagram  above,  complete  the 
following  statements  by  writing  your  answer  on  the  response  sheet, 


1.  Voltage  potential  at  point  C  is 

2.  Voltage  potential  at  point  D  is 

3.  Voltage  potential  at  point  B  is 


volts  (+)  (-). 
volts  (+)  (-). 
volts  (+)  (-). 


ER?C 
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CORRECT  RESPONSES  TO  FRAME  18:     1.     12v+,     2.     Ov,     3.  6v+ 
Frame  19 

A  bridge  circuit  has  two  legs;  joints  CAD  and  points  CBD.  Look 
at  the  right  leg  (CBD)  of  the  bridge  circuit.     It  takes  6  volts  (V) 
of  the  12V  potential  at  point  C,  to  cause  1.5  amps  to  flow  through 
R    t£  R, .    The  remaining  6V  can  be  found  at  any  point  on  the  wire 
between  R~  and  R,.    Notice  how  the  voltmeter  is  connected  around 
point  B.    The  voltmeter  would  indicate  a  +  6V  potential  at  point  B. 
Remember,  current  flows  from  positive  (+)  point  C  to  negative  (-) 
point  D.    The  remaining  6V  pushes  the  1.5  amps  through  R, .  The 
potencial  of  12V  at  point  C  is  used  to  force  1.5  amps  through 
R-  and  RA.    The  voltage  potential  at  point  D  is  zero.  Another 
tning  to  consider;  the  voltage  value  of  point  B  is  -6V  in  relation 
to  point  C,  and  +6V  in  relation  to  point  D.    This  is  also  true  for 
the  left  leg  (CAD)  of  the  bridge  circuit.    Point  A  has  a  -8V  in  relation 
to  Point  C  and  +  4V  in  relation  to  point  D.     Point  D  is  ground  (-) 
and  has  a  voltage  relation  of  -  OV  to  point  C.    The  voltage 
potential  at  point  C  is  +  12V. 


Complete  the  statements    by  writing  your  answer  on  the  response  sheet. 

1.  The  voltage  at  point  C  is   . 

2.  The  voltage  drop  across  R^  :*.s   . 

3.  The  voltage  drop  across  R^  is   . 

4.  The  voltage  drop  across  R«j  is  • 

5.  The  voltage  drop  across  R^  is  • 

6.  The  vrltage  drop  across  CAD  is  . 

7.  The  voltage  drop  across  CBD  is  • 

8.  The  voltage  at  point  D  is  . 


C 
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Frame  20 

Solve  for  the  missing  value  in  the  bridge  circuit  below  and 
answer  the  questions  which  follow.    Use  point  D  as  a  reference  point. 
Determine  the  voltages  and  polarities  at  points  A  and  B* 
Write  your  answers  on  the  response  sheet. 


24V 


R4=  I2A 


Complete  the  statements. 


1. 
2. 
3. 
4. 

5. 
6. 


Il  and  I2  ■ 


amps. 


Voltage  at  point  A  is   volts  and  is  (+)  (-) . 

Point  B  is    volts  and  is  (+)   (-)  . 

Point  ________  is  the  reference  point  of  the  bridge  and  all 

points  in  reference  to  it  are  (+)  (-) • 

The  difference  between  voltages  at  point  A  and  B  is   


volts. 


Point  D  should  indicate  a 
a  voltmeter. 


voltage  reading  on 
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CORRECT  RESPONSES  TO  FRAME  19:    1.  12v,    2.  8v,    3.  4v,    4.  6v,    5.  6v, 

6.  12v,    7.  12v>    8.  Ov 

CORRECT  RESPONSES  TO  FRAME  20:    1.    2  amps,    2.    16v  (+)  ,    3.    12v  (+) , 

4.    D(+),      5.    4v,    6.    Zero  (0) . 

Frame  21 

Did  you  notice  the  difference  between  points  A  and  B?    You  saw 
that  point  A  was  16  volts  positive  and  point  B  was  12  volts  positive. 
There  is  4  volts  difference  between  the  two  voltages  (16  -  12  35  4). 
The  difference  between  the  two  voltages  (points  A  and  B)  means  that 
the  circuit  is  unbalanced.    If  you  have  a  difference  between  two 
voltages,  current  will  flow  if  p  path  is  provide- .    We  have  established 
a  path  between  points  A  and  B.      ow  we  have  to  detetrine  which  way 
the  current  will  flow. 

To  determine  which  way  current  will  flow  is  a  simple  process. 
Both  voltages  are  positive  in  respect  to  D.    One  is  less  positive 
than  the  other  in  respect  to  D.    Study  th    scale  below  then  resd  the 
paragraph. 

(POSITIVE  LINE  IN  REFERENCE  TO  D) 
VOLTAGE  LINE:    0  1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24 

POINTED  POINT  B^     POINT  A    ^  MOST  P0SITTVE  ' 

MOST  NEGATIVE 

Voltage  Scale 

Remember,  point  D  is  most  negative.    It  is  considered  ground  and 
therefore  it  has  zero  voltage.    The  two  voltages  obtained  from  frame  20 
are  (B  =  12  volts  and  A  =  16  volts)  on  the  scale.    It  is  apparent  that 
12  is  closer  to  zero  than  is  16.    Point  B  is  more  negative  than  point  A. 
Furthermore,  we  know  that  current  flows  from  a  negative  to  a  more 
positive  point;  hence,  current  flows  across  the  bridge  from  point  B  to 
point  A. 

No  Response  Required 
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c 


• 


FT=24V  — 


Rjj=4A 


Frame  22 


Figure  1. 


Refer  to  figure  1,  and  answer  the  following  questions  on  the  response  sheet* 

1.  What  is  the  potential  at  point  B  in  reference  to  point  D?   

volts  (+)  (-). 

2.  What  is  the  potential  at  point  A  in  reference  to  point  D?   

volts  (+)  (-). 

3.  What  is  the  voltage  drop  between  points  A  and  B?         _  volts. 

4.  Current  will  flow  across  the  coil  frc    point  _ to  point   . 

5.  Which  of  the  two  following  circuits  has  the  smallest  total 
resistance  to  current  flow?    DABC  or  DBAC? 

6.  Which  of  the  two  following  routes  will  the  current  flow  take: 
DABC  or  DBAC? 


D 

Figure  2. 

Refer  to  figure  2,  and  answer  the  following  questions  on  the  response  sheet. 
1.      What  is  the  voltage  potential  at  point  A  in  respect  to  point  D? 
 volts  (+)  (-). 


C 


ET  =  I2V  — 


ERLC 
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2.  What  is  the  voltage  drop  across  R2?  volts. 

3.  The  voltage  potential  at  point  B  in  respect  to  D  is  volts 

(+)  (-). 

4#      Which  way  will  current  flow  across  the  bridge?  From  

to   • 

5.  Which  of  the  two  following  circuits  has  the  smallest  total 
resistance  to  current  flow:    DABC  or  DBAC? 

6.  Which  of  the  two  following  routes  will  the  current  flow  take: 
DABC  or  DBAC? 
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CORRECT  RESPONSE  TO  FRAME  21:    No  Response  Required. 

CORRECT  RESPONSES  TO  FRAME  22:    Figure  1:    1.    16v+,    2.    6v+,    3.  lOv, 

4.    A  to  B,    5.    DABC,    6.  DABC 
Figure  2:    1.    3v+t    2.  3v,    3.  8v+, 

4.    A  to         5.    DABC,    6.  DABC. 

Frame  23 

By  modifying  the       bridge,  it  can  be  used  to  control  aircraft 
temperatures  automatically.    Components  used  in  the  bridge  ara  listed 
in  the  following  frames.    Fixed  resistors  have  values  which  do  not 
change.    The  fixed  resistor  is  used  in  the  bridge  circuit  to  provide 
a  constant  resistance  value.    It  can  be  identified  in  the  schematic  by 
the  symbol  shown  below. 

— w\  #— 


We  may  desire  to  adjust  the  resistance  values  in  a  circuit  to 
allow  for  certain  variations  or  to  permit  calibration.    In  this  case 
we  would  use  an  dXJUSTABLE  resistor.    Its  symbol  is  shown  here. 


t_ 


Select  the  adjustable  resistor  from  the  electrical  display  box. 
Obtain  a  display  box  from  your  instructor.    Notice  how  the  wire  is 
wound  around  the  ceramic  cylinder  and  how  the  wiper  contact  is  moved. 
Adjustment  is  accomplished  by  a  specialist  using  a  screwdriver  to 
loosen  a  small  screw.    The  contact  is  moved  along  until  it  is  closer 
to  the  end  that  offers  the  right  amount  of  resistance.    The  screw  is 
then  re tightened. 

Identify  the  symbol  in  Column  A  with  its  name  in  Column  B  on  the 
response  sheet. 

COLUMN  A  COLUMN  B 

1.  •    WV      •  fixed  resistor 


2. 


— • — W\  » 


t 


adjustable  resistor 
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CORRECT  RESPONSES  TO  FRAME  23: 

lt  %  ■  wv  — fixed  resistor 


2.  -♦— AA/V 


Frame  24 


t 


adjustable  resistor 


A  rheostat  is  a  resistor  that  hras  a  moveable  contact  'wiper  arm). 
Moving  the  contact  changes  its  resistance.    The  contact  is  connected 
to  a  shaft  that  is  turned  by  a  knob  (like  the  volume  control  on  a 
radio) . 

The  rheostat  is  in  the  bridge  circuit  to  change  the  resistance 
on  one  side  of  the  bridge.    This  automatically  unbalances  the  circuit. 

The  pilot  manually  .changes  the  resistance  in  the  bridge  circuit 
by  rotating  the  rheostat  Knob.    Shown  below  is  the  electrical  symbol 
and  a  picture  of  the  back  side  of  a  rheostat.    Look  in  the  electrical 
display  box.    Note  how  the  resistance  may  be  changed  on  the  rheostat. 


Draw  its  electrical  symbol  for  each  component  on  the  response  sheet, 
^   Adjustable  Resistor. 

2^  Fixed  Resistor. 


3. 


Rheostat. 


1080 


CORRECT  RESPONSES  TO  FRAME  24: 


•  TT 

Frame  25 

The  component  that  "senses11  the  temperature  of  the  air  is  called 
a  temperature  sensor.    See  the  illustration  below.    Find  the  sensor 
in  the  electrical  display  box.    This  is  one  of  the  more  common  types 
in  use. 


This  temperature  sensor  is  a  specially  designed  resistor.  Its 
resistance  changes  any  time  the  temperature  of  the  air  around  it 
changes.    The  manner  in  which  it  changes  resistance  depends  on  its 
"temperature  coefficient."    That  is:    if  the  TEMPERATURE  of  the  air 
across  it  increases  and  the  RESISTANCE  of  the  sensor  also  increases , 
the  sensor  has  a  POSITIVE  TEMPERATURE  COEFFICIENT  OF  RESISTANCE.  It 
follows  then  that  with  a  POSITIVE  COEFFICIENT  the  resistance  will 
decrease  if  the  temperature  of  the  air  decreases.    The  point  is, 
they  increase  together  and  decrease  together.    On  the  other  hand,  if 
the  TEMPERATURE  increases  and  the  sensor's  RESISTANCE  decreases  at 
the  same  time,  it  has  a  Negative  Coefficient.    This  also  means  the 
sensor's  resistance  will  increase  as  the  temperature  decreases. 
Below  is  a  standard  symbol  for  a  sensor.    Locate  and  identify  the 
different  types  of  sensors  in  the  electrical  display  box. 


Complete  the  statements  by  using  the  word  increases  or  decreases  on 
the  response  sheet. 

POSITIVE  COEFFICIENT  NEGATIVE  COEFFICIENT 

1.    If  temperature  increases,  the       3.    If  temperature  increases,  the 
resistance   .  resistance  _. 


2.    If  temperaiure  decreases,  the       4.    If  temperature  decreases,  the 
resistance  .  resistance  . 
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CORRECT  RESPONSES  TO  FRAME  25:      1.    increases,    2.  decreases, 


3.    decreases ,    4.    increases . 


Frame  26 


Choging  an  electrical  bridge  signal  into  useful  motion,  is  done 
by  a  device  called  a  MICROPOSITIONER.    See  the  picture  below.  Find 
the  actual  component  in  the  display  box.    Note  the  contact  arrange- 
ment 

The  micropositioner  is  a  relay  -hat  can  be  tilted  like  a  teeter- 
totter.    It  will  tilt  one  way  and  close  one  set  of  contacts,  or  the 
opposite  way  and  close  a  different  set  of  contacts.    How  it  does  this 
can  be  seen  in  the  simplified  explanation  that  follows. 


ARMATURE 


CONTACT-A 


CONTACT -B 


The  armature  (see  above)  of  the  micropositioner  is  similar  to 
a  magnet  that  has  two  north  ei.    .    (The  south  ends  being  unused.) 
A  coil  of  wire  is  running  alongside.    If  current  flows  through  the 
coil,  tlu  coil  will  have  a  north  and  south  pole-    Remember  the  Law  of 
Polarity;  like  poles  repel  and  unlike  poles  attract.    The  armature 
will  ti,lt  around  the  pivot  point  and  close  the  proper  contact 
depending  on  the  polarity  of  the  coil  and  of  the  armature.    (See  arrows 
X  and  Z  in  the  figure  below).    Since  it  is  actually  a  relay,  it  will 
control  a  valve  motor  circuit.    Check  your  understanding  of  the 
micropositioner1 s  principle  of  operation  by  answering  the  questions 
on  the  response  sheet. 


TO  THE 
MOTOR  CIRCUIT 


HE 

MOTOR  CIRCUIT 


ERJC 


30 


1082 


Frame  26  Cont'd 


1.  Like  poles  (attract)  (repel > 

2.  Unlike  poles  (attract)  (repel) 

3.  Contact  X  will  (open)  (close) 

4.  Contact  Z  will  (open)  (close) 
If  the  battery  is  reversed; 

5.  Contact  X  will  (open)  (close) 

6.  Contact  Z  will  (open)  (close) 
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CORRECT  RESPONSES  TO  FRAME  26:      1.  repel,    2.  attract,    3.  open, 


4.  close.    5.  close,    6.  open 


Frame  27 


Reversing  the  direction  of  current  flow  through  the  coil  changes 
the  coil's  magnetic  north  and  south  poles  to  the  opposite  ends. 
The  armature  tilts  to  the  opposite  contact  closing  a  different  relay. 
You  will  recognize  the  micropositioner  in  a  diagram  by  the  symbol 
below.    The  micropositioner  provides  a  path  for  current  to  flow  if 
the  bridge  is  unbalanced. 


Identify  each  symbol  by  drawing  them  on  the  response  sheet. 
1.  -#^W—  


r  I  7 


2. 


3. 


4. 


5. 


Frame  28 


The  figure  below  shows  all  of  the  components  we  have  mentioned. 
Now  let's  go  on  to  learn  Its  operation  as  a  bridge  circuit. 


You  will  see  that  the  components  are  not  always  found  in  these 
positions.    All  of  them  may  not  be  used  or  perhaps 9  as  in  some  bridges , 
even  more  are  added.    Basically  they  will  however,  perform  in  much  the 
same  manner  as  these.    The  micropositionerf  for  instance,  may  be  used 
in  quite  another  way.    We  have  used  it  here  for  one  purpose  and  have 
already  explained  its  principle  of  operation  in  a  simplified  manner. 


No  Response  Required 
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CORRECT  RESPONSES  TO  FRAMS  27:      1.    Fixed  Resistor.    2.  Rheostat. 

3.    Temperature  Sensor  (or  Variable 

Resistor) f    4.    adjustable  Resistor. 

5.  Microposltioner. 
CORRECT  RESFONSE  TO  FRAME  28:       No  Response  Required. 
Frame  29 

Carefully  solve  the  problems  in  the  circuit  below.    Determine  the 
polarities  of  points  A  and  B.    Use  point  D  as  reference. 


C 


D 


Complete  the  following  statements  on  the  response  sheet. 

1.  The  most  negative  point  in  this  circuit  is  (A)  (B)  (C)  (D) . 

2.  The  most  positive  point  in  this  circuit  is  (A)  (B)  (C)  (T)) . 

3.  Point  A  is   volts  (+)  (-)  with  respect  to  point  D. 

4.  Point  B  is    volts  (+)  (-)  with  respect  to  point  D. 

5.  Point  A  is  positive  with  respect  to  point  B  (true)  (false). 

6.  Current  will  flow  from  (A  to  B)  (B  to  A)  (neither  direction). 

7.  There  is  no  difference  in  potential  between  A  and  B  (true)  (false). 

8.  The  bridge  is  balanced  (true)  (false). 
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Frame  30 


At  this  point  it  is  necessary  for  you  to  understand  the  operation 
of  an  air  conditioning  system.    Refer  to  foldout  #1.    This  foldout 
shows  just  enough  units  to  permit  operation  of  the  system.  Air 
conditioning  and  completed  circuits  will  be  covered  in  later  lessons. 

Locate  the  two  engines  on  the  right  hand  side  of  the  foldout. 
Remember  the  text  material  on  Jet  Engines?    Recall  the  term  engine 
bleed  air?    It  was  stated  that  the  secondary  purpose  of  the  compressor 
section  of  a  jet  engine  was  to  provide  air  for  the  air  conditioning 
system.    Now  you  will  put  this  knowledge  to  use. 

Locate  the  arrows  coming  from  both  engines.    Arrows  will  indicate 
the  direction  of  air  flow.    Follow  the  arrows  from  the  engines.  Notice 
that  the  air  from  both  engines  combines  and  enters  the  hot  engine  bleed 
air  manifold.    The  manifold  divides  into  two  paths  for  the  air  to 
follow.    One  path  is  through  the  heat  exchanger.    The  other  is  to  the 
temperature  control  valve.    Let's  stop  at  this  point  and  consider  the 
temperature  control  valve.    This  valve  has  a  butterfly-type  gate. 
When  open  it  allows  hot  engine  bleed  air  to  bypass  the  heat  exchanger 
or  closes  to  prevent  bypassing  air.    Also,  it  can  stop  at  any  point 
between  fully  open  or  fully  closed  to  allow  a  desired  portion  of  hot 
air  to  bypass. 

Complete  the  following  sentences  on  the  response  sheet. 

1.  Air  which  is  tapped  from  the  engines  is  (hot)  f  (warm)  f  (cold). 

2.  Air  is  supplied  by  the  ______  section  of  a  jet  engine. 

3.  The  temperature  control  valve  allows  a  portion  of  the  engine 
bleed  air  to  be   around  and  through  the  heat  exchanger. 
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CORRECT  RESPONSES  TO  FRAME  29:      1.    D,    2.  C    3.  6 (+)  ,    4.  6^+) , 

5.  false,    6.  neither  direction, 
7.  true,    8.  true. 

CORRECT  RESPONSES  TO  FRAME  30:  1.  (hot),  2.  compressor ,  3.  bypassed. 
Frame  31 

Let's  assume  the  temperature  control  valve  is  closed.    No  hot  air 
is  allowed  to  flow  through.    All  the  engine  bleed  air  (EBA)  is  forced 
to  go  through  the  heat  exchanger  and  cooling  turbine.    Through  the 
combined  action  of  these  two  units,  the  EBA  temperature  is  greatly 
reduced.    As  a  matter  of  fact,  the  air  will  become  very  cold.  Note 
that  airflow  coming  from  the  cooling  units  will  go  straight  into  the 
cabin  through  the  conditioned  air  vents.    At  this  stage,  we  are  not 
controlling  air  temperature,  are  we?    We  are  merely  making  the  air 
very  cold. 

Answer  the  statements  as  true  (T)  or  false  (F)  on  the  response  sheet. 

1.  Air  flowing  through  the  heat  exchanger  will  get  hotter. 

2.  To  get  cold  air  to  the  cockpit,  the  temperature  control 
valve  is  closed. 

3.  To  warm  up  the  cockpit  we  must  open  the  temperature 
control  valve. 
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Frame  32 


ERIC 


Assume  that  the  temperature  control  valve  Is  fully  opened.  Air 
flow,  like  many  other  things ,  tends  to  follow  the  path  of  least 
resistance.    Rather  than  going  through  the  heat  exchanger  and  cooling 
turbine,  most  of  the  air  flows  through  the  open  valve.    This  hot  air 
goes  down  to  the  hot  and  cold  mixing  section.    Then  to  the  conditioned 
air  outlets  into  the  cockpit.    Under  this  condition  the  cockpit  would 
get  extremely  hot.    The  air  has  bypassed  the  cooling  units  through  the 
open  temperature  control  valve.    It  would  be  desirable,  then,  to  have 
a  mixture  of  hot  and  cold  air.    This  mixture  can  be  obtained  by 
positioning  the  temperature  control  valve  in  a  partially  open  or 
closed  position.    Here  is  where  our  bridge  circuit  and  micropositioaer 
come  into  play.    By  rotating  the  temperature  selector  (rheostat)  toward 
cold,  we  unbalance  the  bridge.    This  tilts  the  microposit loner.  An 
electrical  circuit  is  completed  to  close  the  temperature  control 
valve.    The  pilot  then,  will  receive  the  cold  air  he  wants,  merely  by 
rotating  the  rheostat. 

Refer  to  foldout  1;  answer  the  following  statements  on  the  response  sheet. 


1.      To  get  a  mixture  of  hot  and  cold  air,  the  temp  control  valve 
should  be      • 


2.  If  the  temperature  control  valve  is  open,  you  will  receive 

_     air  in  the  cockpit. 

3.  If  the  temperature  control  valve  is  closaa,  you  will  receive 

  _^  air  ir  .ne  cockpit. 

4.  The  cooling  turbine  (cools)  (heats)  the  engine  bleed  air. 
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CORRECT  RESPONSES  TO  FRAME  31:     1.  F,    2.    T,     3.  T. 
CORRECT  RESPONSES  TO  FRAME  32:    1.  partially  open  or  closed.    2.  hot 

3.  cold,    4.  cools. 

Frame  33 

In  frame  29  you  saw  a  balanced  bridge.    Any  time  the  potentials 
at  points  A  and  B  are  the  same,  there  will  be  no  current  flow  across 
the  bridge.    The  coil  of  the  micropositioner  will  not  become 
magnetized.    Therefore,  the  armature  will  not  tilt  either  way.  Both 
sets  of  contacts  will  stay  open. 

Refer  to  the  circuit  below  and  foldout  1.    Letfs  see  what  happens 
when  the  temperature  selector  (rheostat)  (R^)  is  rotated.    As  each  part 
is  mentioned,  locate  it  on  both  circuits.    Remember  that  the  rheostat 
is  nothing  more  than  a  variable  resistor.    By  rotating  the  rheostat, 
let  us  say  we  have  manually  decreased  the  resistance  of  the  rheostat 
(R^).    You  no  longer  have  as  much  resistance  on  R~  as  you  did  in 
frame  29.    As  you  can  see  from  the  circuit  below,  resistance  has  been 
decreased  from  6  to  2  ohms.    Now  you  have  to  recompute  the  bridge 
electrical  values.    After  you  complete  computation,  answer  the 
following  statements •    Remember  to  use  point  D  as  reference. 


C 


Write  your  work  on  the  response  sheet. 


1. 

The  most  negative  point  of  the  circuit  is  (C)  (D) . 

2. 

Potent fal  at  point  B  is  (+)  (-) 

volts. 

3. 

Potential  at  point  A* is  (+)  (-) 

volt8. 

4. 

Which  point  is  most  negative?  (A) 

or  (B). 

5. 

Which  way  will  current  flow  across 

the  bridge?    (A  to  B)  (B  to  A). 

6. 

Will  the  micropositioner  tilt  in  a 

given  direction?    (Yes)  (No). 

7. 

This  bridge  circuit  is  (balanced) 

(unbalanced)  ♦ 

IS 
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Frame  34 


Refer  to  foldout  1.    Locate  resistor  Rj^  which  is  the  temperature 
selector  (rheostat)  (variable  resistor).    Also  locate  resistor  R^  which 
is  located  in  the  hot  and  cold  air  mixing  section.    This  resistor  is 
a  temperature  sensing  element.    The  senrtng  element  changes  its 
resistance  whenever  its  temperature  changes.    Keep  these  two  units  in 
mind  as  you  continue  through  this  lesson. 


By  changing  the  resistance  of  the  rheostat  R1  (refer  to  the 

figure  in  frame  33),  you  unbalanced  the  bridge  circuit.  Current 
flows  across  the  bridge  from  points  B  to  A.    Using  the  left-hand 
rule  for  a  coi?  and  D  as  your  reference  point,  identify  the  correct 
responses  for  the  statements  on  the  response  sheet. 

1.      The  micropositioner  armature  (will)  (will  not)  tilt  in  a  given 
direction. 


2.  The  micropositioner  armature  (will)  (will  not)  tilt  to  the 
(right)  (left)  (neither  direction). 

3.  The  rheostat  has  its  resistance  changed  (automatically)  (manually) 
(by  temperature  changes). 

4.  The  temperature  sensing  elements1  resistance  is  changed  (auto- 
matically) (manually)  (is  not  changed). 
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CORRECT  RESPONSES  TO  FRAME  33:  1. 

5. 

CORRECT  RESPONSES  TO  FRAME  34:  1. 

3. 


D,      2.    46v,      3.  4-  £» 

B  to  A,      6,    Yes ,      7.  unbalanced* 
will,      2.    will,  left, 
manually,      4 •  automatically. 


Frame  35 

Refer  to  foldout  1.    Locate  the  micropositioner  armature. 
Assume  it  has  tilted  to  the  left.    Locate  the  wire  which  carries 
24V  DC  to  the  micropositioner  armature.    When  the  armature  is  tilted 
to  the  left,  a  circuit  is  completed.    24  volts  is  sent  to  the  open 
side  of  the  valve  (electrical  motor),  running  it  to  the  open  position. 
As  the  valve  opens  it  allows  more  hot  air  to  go  to  the  mixing  section. 
This  increases  the  temperature  in  the  cockpit  area.    Here  is  where  the 
temperature  sensing  element  plays  a  very  important  role. 


Assume  that  the  temperature  sensing  element  has  a  negative  co- 
efficient.    (If  temperature  goes  up,      e  resistance  of  the  element 
goes  down  and  vise  versa).    The  temperature  increase  is  felt  by  the 
sensor  as  the  air  flows  over  it.    As  the  temperature  increases,  the 
sensor  resistance  starts  to  decrease. 

Complete  the  following  statements  on  your  response  sheet. 

1.  The  24V  DC  applied  to  the  micropositioner  armature  is  the  power 
used  to  open  or  close  the  • 

2.  Current  flow  from  B  to  A  in  the  bridge  would  call  for   

air. 

3.  The  temperature  control  valve  is  operated  by  an  electric   
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Frame  36 


Refer  to  the  diagram  below  and  foldout  1.    Notice  that  the  resistance 
of  R2  (temperature  sensing  element)  has  been  decreased  from  6  ohms  to  2 
ohms;  this  is  indicated  by  the  slash  mark  through  the  6.    This  means  that 
at  the  start  it  was  6  ohms  (Frame  29)  but  doe  to  the  rise  in  temperature, 
the  sensor's  resistance  has  decreased.    Recompute  the  bridge's  electrical 
values.    Remember  to  use  point  D  as  your  reference. 


Complete  the  following  statements  on  the  response  sheet. 

1.  Point  A  is    volts  and  is  (+)  (-). 

2.  Point  B  is   volts  and  is  (+)  (-). 

3.  Current  will  flow  (from  A  to  B)  (from  B  to  A)  (neither  direction). 

4.  The  bridge  is  (balanced)  (unbalanced). 

5.  The  micropositioner  armature  is  (tilted  to  left)  (tilted  to  right) 
(not  tilted). 

This  means  the  cabin  air  is  increasing  and  this  hot  air  flowing 
over  (touching)  R2  in  the  cabin  (refer  to  foldout  1)  is  driving  the 
resistance  down  in  R2.    This  has  lowered  the  resistance  now  causing 
current  to  flow  from  A  to  B  the  micropositioner  will  now  begin  to  brake 
contact  on  the  left  side,  which  is  to  the  open  side  of  the  temperature 
control  valve. 
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CORRECT  RESPONSES  TO  FRAME  35:      1.    Temperature  control  valve 


2. 


hot 


motor. 


CORRECT  RESPONSES  TO  FRAME  36:      1.  3v,  (+)  2. 


6v,  (♦) 


3. 


A  to  B 


4.    unbalanced  5.    tilted  to  right 


Frame  37 


Starting  at  frame  32,  we  manually  unbalanced  the  bridge  by  rotating 
the  temperature  selector  rheostat.    By  changing  its  resistance,  we 
caused  current  to  flow  across  the  bridge  from  points  A  to  B,  This 
energized  a  motor  circuit  to  allow  a  decrease  in  the  temperature  of~ 
the  air  entering  the  cockpit  area. 

Cooler  air  begins  to  flow  across  the  temperature  sensing  element. 
The  sensors  resistance  starts  to  increase.    At  that  point  the  bridge 
starts  to  rebalance.    That  is,  as  soon  as  the  sensors  resistance  again 
equaled  the  resistance  of  the  rheostats  new  setting,  current  ceased  to 
flow  across  the  bridge. 

With  no  current  flowing  across  the  bridge,  the  micropositioner 
deenerglzes.    Current  ceases  to  flow  through  the  motor  circuit.  When 
the  circuit  has  balanced  and  the  motor  stops  running,  the  system  is 
said  to  be  at  its  temperature  control  point. 

It  must  be  made  clear  that  at  times  the  temperature  sensing 
element  tends  to  overcorrect  itself.    Instead  of  stopping  when  the 
voltages  are  equal  (at  points  A  &  B)  the  sensors  resistance  will 
continue  to  decrease  or  increase  after  the  mixed  air  temperature 
has  reached  the  temperature  control  point.    This  is  due  to  a  slight 
heat  transfer  lag  between  the  air  and  sensor  metal.    This  causes  the 
sensor  to  be  a  little  late  in  sending  its  final  "balanced"  signal  to 
the  bridge.    The  motor  is  late  in  shutting  off  and  overruns.  This 
causes  the  bridge  to  unbalance  in  the  opposite  direction.    The  bridge 
tries  to  "hunt"  for  its  balanced  condition.    In  other  lessons  you  will 
study  units  which  are  put  into  the  circuit  to  compensate  for  this 
problem.    Remember  the  rheostat  and  the  sensing  elements  are  the  units 
that  unbalance  and  balance  the  bridge  circuit. 

Operating  changes  of  the  engines  or  air  cooling  units  frequently 
change  the  temperature  of  the  mixed  air  flowing  past  the  temperature 
sensing  element  and  into  the  cabin.    When  this  happens  the  resistance 
of  the  sensor  immediately  changes,  thereby,  unbalancing  the  bridge. 
The  bridge  circuit  will  react  to  this  in  the  same  way  as  it  does  when 
the  pilot  turns  the  rheostat  knob.    Current  will  flow  from  A  to  B  or 
from  B  to  A.    This  causes  the  microposi toner  to  send  the  proper 
correction  signal  to  the  temperature  control  valve.    This  valve,  in 
turn,  opens  or  closes  as  required  to  restore  the  mixed  air  temperature 
to  the  temperature  the  rheostat  is  set  for. 
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Complete  the  following  statements  on  tht  response  sheet. 


1*      When  the  bridge  is  balanced,  the  system  is  at  its 


2.      An  inaccurate  temperature  sensor  could  change  the 


3*      When  the  bridge  is  unbalanced,  current  (will)  (will  not)  flow 
across  the  bridge. 

4,      Whenever  the  resistance  of  the  sensor  differs  from  the  resistance 
the  rheostat  is  set  on,  the  bridge  will  not  rest  until  the  two 
resistances  are  . 
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CORRECT  RESPONSES  TO  FRAME  37:    1.    temperature  control  point 


2.  temperature  cc  itrol  point 

3.  will     4.  alis»_ 

Frame  38 

Refer  to  page  49.   It  the  pilot  wants  colder  iir  in  the  cockpit, 
all  he  needs  to  do  is  to  increase  the  rheostats  reiistance.    This  will 
unbalance  the  ci'^uit.    Current  will  flow  from  points  A  to  Bt  tilting 
the  micropositioner  armature  to  the  right.    24V  D(,  will  flow  to  the 
close  side  of  the  temperature  control  valve. 

By  partially  closing  the  valve,  a  greater  portion  of  the  a**  will 
be  routed  through  the  heat  exchanger  and  cooling  turbine.    A  gr  er 
proportion  of  cold  air  will  be  delivered  to  the  cockpit. 

The  micropositioner  connecting  A  to  B  on  the  preceding  diagrams 
are  not  always  built  the  same  way.    The  wiring  connections  can  be  made 
on  the  outside  of  the  circuit  (figure  B).    Notice  that  point  A  iij 
marked  a  negative  potential  (less  positive).    Point  B  is  positive. 
Following  the  arrows  (-  to  +)  you  will  note  that  current  flows  from 
A  to  B  on  the  outside  of  the  diamond.    Shown  below  are  both  types  of 
circuits.    Figure  A  shows  wirixig  on  the  inside  of  the  diamond. 
Figure  B  showo  the  wiring  collections  on  the  outsiae  of  the  diamond. 


NO  RESPONSE  REQUIRED 


ERIC 
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Frame  39 


Complete  the  statements  on  the  response  sheet.  If  any  of  your 
responses  are  incorrect »  review  the  appropriate  frames  to  determine 
the  correct  response. 


1.  Increasing  or  decreasing  one  or  more  of  the  resistances  will 
cause  the  bridge  to  become  unbalanced.    (True)  (False) 

2.  A  sensor  may  have  a  or  a  temperature 
coefficient. 

3.  A  resistor  that  increases  its  resistance  as  the  temperature 

around  it  increases  has  a    temperature  coefficient. 
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CORRECT  RESPONSES  TO  FRAME  38:    No  Respome  Required. 
CORRECT  RESPONSES  TO  FRAME  39:      1.     true      2.    positive  or  negative 

3.  positive 

Frame  40 

As  a  final  review  of  your  ability  to  associate  symbols  and 
statements,  draw  the  component  symbol  where  the  name  of  the 
component  would  normally  fit  on  the  response  sheet. 


1.      A  fixed 
change • 


has  a  value  that  normally  does  not 


2.      Temperature  is  "sensed"  by  a 


3.      The  pilot fs  temperature  selector 
by  a  knob. 


is  turned 


4.  A  change  in  the  direction  of  current  across  a  bridge  circuit 
can  be  sensed  by  a  * 

5.  Small  adjustments  can  be  made  to  a/an  with  a 

screwdriver. 

6.  Which  of  these  is  not  really  a  bridge  circuit? 


r 
I 


(B) 


(C) 
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CORRECT  RESPONSES  TO  FRAME  40: 
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TEMPERATURE  CONTROL  CIRCUITS  WIRING  DIAGRAM 


OBJECTIVE 

Using  an  electrical  diagram,  identify  a  minimum  of  8  out  of  10 
circuit  malfunctions,  when  given  the  cause  and  circuit  condition. 

EQUIPMENT 

Colored  Pencils 
WB-116A 

PROCEDURE 

When  you  have  acquired  the  above  listed  equipment,  proceed  according 
to  the  instructions  for  each  project  of  the  workbook.    DO  NOT  change  the 
color  of  the  pencil  you  are  using  to  trace  each  part  of  the  circuit 
unless  you  are  told  to  do  so. 


In  this  project  you  will  be  tracing  out  three  (3)  different 
circuit**,  all  controlling  the  same  motor  and  valve  assembly  (only  one 
circuit  will  be  on  at  a  time).    One  circuit  will  "automatically"  control 
the  temperature  control  valve.    One  circuit  will  ,tmanually  open"  or 
close  the  temperature  control  valve  assembly. 

The  MANUAL  HOT  &  COLD  circuits  are  used  as  a  "back  up"  system  in 
case  the  "automatic"  circuit  malfunctions. 

INSTRUCTIONS 

Using  figure  17  from  the  back  of  the  text  and  a  set  of  colored 
pencils,  trace  the  circuits  in  each  of  the  following  situations.  Locate 
the  various  components  that  you  will  be  working  with;  ie.,  the  power  bus, 
circuit  fuse,  temperature  control  switch,  hot  and  cold  relays,  micro- 
positioner,  and  the  temperature  control  valve.    For  ease  of  following 
the  circuits,  we  will  trace  from  the  voltage  source  to  ground,  although 
in  the  actual  circuit  the  current  will  flow  from  ground  (-)  to  the 
voltage  source  (+) . 


Supersedes  3ABR42331-WB-122,  16  September  1980,  which  may  be  used  until 
existing  stocks  are  exhausted* 
OPR:    3370  TCHTG 
DISTRIBUTION:  X 

3370  TCHTG/TTGU-P  -  500;  TTVSA  -  1 
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1.     Using  a  red  pencil,  trace  the  following  voltage  source. 

a.      Trace  from  the  28V  DC  power  bus  along  wire  H28A18  to 
the  five  amp  fuse,  through  this  fose  along  wire  H29A18  to  the  tempera- 
ture control  8witch.    Stop  at  this  point  for  <  moment* 

Note:    This  temperature  control  switch  provides  power  to  operate 
the  AUTOMATIC,  MANUAL  COLD,  and  the  MANUAL  HOT  ciixHits.  To 
operate  any  of  the  three  circuits  from  this  point  it  is  necessary 
to  position  the  "switch11  to  the  position  that  is  desired.  From 
the  switch  you  will  be  using  three  different  colors  of  pencil 
to  show  you  the  distinct  separation  of  the  three  circuits  even 
though  they  all  control  the  same  valve  assembly. 

If  the  power  circuit  you  have  just  traced  does  not  look  like  the 
completed  portion  of  figure  one,  redo  the  previous  step  1  or  ask  your 
instructor  for  assistance. 

^2.     Using  a  green  pencil  place  the  temperature  control  switch  to 
the   manual  cold"  position  and  traia  the  following  voltage  source. 

a*      Trace  along  wire  H31A18  over  to  junction  A2  of  the 
cold  relay,"  from  A2  along  wire  H31B18  through  the  close  field  winding 
of  the  temperature  control  valve,  to  junction  "A"  of  the  valve  assembly. 
The  symbol  (QmJ})  represents  the  motors  armature  field,  brushes  or 

slip  rings  and  end  frame.    Next  trace  from  junction  A  to  the  motor, 
then  from  the  motor  along  wire  NMA18  to  the  ground  point  (  Hh  ). 

(1)  From  your  previous  study  of  DC  motors  you  should 
recall  that  if  you  apply  voltage  to  the  close  field  and  armaturo  windings 
of  the  valve,  the  armature  and  valve  shaft  begins  to  rotate,  in  turn 
rotating  a  unit  or  butterfly  device  of  some  type  to  a  "closed"  position. 

(2)  From  the  previous  study  of  bridges  you  learned  how 
the  position  of  this  temperature  control  valve  butterfly  affected  the 
cockpit  temperature.    If  you  do  *,ot  recall  how  this  valve  mixes  the 
ratio  of  hot  and  cold  air,  then  refer  back  to  the  text  prior  to  this 
one  that  covers  the  bridge's  operation  in  relation  to  the  temperature 
control  valve. 

The  manual  cold  circuit  you  have  just  traced,  should  look  like 
the  completed  portion  of  figure  2.    If  not,  redo  step  2,  or  ask  your 
instructor  for  assistance. 

3.      Using  an  orange  pencil,  trace  the  voltage  source  for  the 
manual  hot  position. 

a.      Trace  across  the  temperature  control  switch  to  the  "hot" 
position  along  wire  H30A18  to  junction  A2  of  the  hot  relay.    Now  trace 
from  junction  A2  along  wire  H30B18  through  the  OPEN  FIELD  winding  of 
the  motor  to  junction  A.    Then  trace  on  to  the  ground  point,  along  the 
motor  ground  wire  NMA18. 
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(1)    At  this  point  the  armature  rotates  and  in  turn 
will  open  the  butterfly  allowing  hot  air  to  enter  the  cockpit  as  long 
as  the  switch  is  left  in  this  position* 


The  manual  hot  circuit  you  have  just  traced  should  look  like 
the  completed  portion  of  figure  3.    If  not,  redo  step  3  or  as1<  your 
instructor  for  assistance* 

(2)    From  previous  lessons  you  learned  that  you  must 
get  a  ratio  of  hot  and  cold  air  to  the  cabin.    In  the  manual  range 
just  explained,  there  must  be  a  zaethod  so  that  you  can  momentarily 
position  the  temperature  control  switch  to  manual  hot  or  cold  and 
position  the  valve  to  the  desired  point  where  you  want  it;  hot, 
warm,  cool,  or  cold  air. 

b.      If  the  switch  is  properly  constructed  this  can  easily 
be  accomplished.    Refer  to  the  illustration  below,  then  read  the 
information  that  follows: 


SPRING 


POWER  \ 
INPUT  SPRING 

Figure  3. 


(1)  Note  that  there  are  two  small  springs  connected 
to  each  side  of  the  swit  h.    If  you  were  to  hold  the  switch  to  the 
"manual  cold"  position  and  then  release  it,  it  in  turn  would  spring 
back  to  the  OFF  position,  thus  removing  power  from  the  close  (cold) 
side  of  the  motor.    fi>  the  same  token  if  you  placed  the  switch  to 
"manual  hot11  and  then  released  the  switch,  it  would  spring  back  to 
the  OFF  position. 

(2)  Simply  in  this  manner  you  could  send  small  blips  of 
power  to  either  side  of  the  motor  and  position  the  valve  to  the  exact 
point  desired.    Full  open,  partially  open,  partially  closed  or  full 
closed  until  the  desired  cockpit  temperature  is  reached. 

(a)    Due  to  the  varying  altitudes  and  different 
throttle  setting  of  the  aircraft  engines,  creating  temperature  changes 
to  the  air  conditioning  system,  the  temperature  would  have  to  be 
cjntinuously  "monitored "  in  manual  to  maintain  the  proper  temperatures 
in  the  cockpit.    For  this  reason  the  automatic  range  was  designed  to 
give  better  temperature  control,  without  having  to  constantly  "monitor" 
the  system. 
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,     ,4\.   U8^8  a  blue  Pencil»  trace  the  following  voltage  sources 
in  the  "auto"  position. 

a.  Draw  the  temp  control  switch  in  the  auto,  position  and 
trace  across  wire  B1A18  to  the  3  way  junction  (      j  ) . 
Note  at  this  point  the  circuit  parallels  into  three  paths. 

(1)  One  along  wire  H33A18  to  point  Al  of  the  cold  relay. 

0116  along  wlre  iU2A18  to  Al  of  the  hot  relay,  then 
along  ure  H34A18  to  the  micropositioner  armature  contact. 

(3)    The  other  path  through  resistor  R-6  along  wire 
B1B18  to  the  "top"  of  the  bridge. 

b.  Let's  take  each  path  individually  as  you  trace  them 
out  on  the  foldout . 

, .     .  ^    Flrst  trace  along  wire  H33A18  to  point  Al  of  the 

cold  relay. 

(a)    Voltage  would  etop  at  this  point  because  the 
cold  relay  has  not  been  energized  at  this  point.    The  spring  attached 
to  the  armature  contact  is  holding  it  up,  therefore  breaking  the 
electrical  circuit  between  points  Al  to  point  A2  ox  the  relay. 

(2)  Now  trace  along  wire  H32A18  to  Al  of  the  hot  relay. 

(a)  Again  voltage  would  not  be  sent  across  from 
Al  to  A2  of  this  relay;  for  at  t;his  point  it  is  "daenergized ." 

(b)  Trace  from  Al  along  wire  H34A18  to  the  micro  - 

positioner  armature  contact r    J    ^) .    You  now  have  a  voltage  potential 

on  the  contact.    At  this  point  with  no  current  flow  across  the  bridge, 
the  contact  is  in  its  neutral  position  and  neither  relay  is  energized. 
Therefore,  it  should  be  of  special  interest  to  note  if  there  is  NO 
CURRENT  across  the  bridge  the  system  will  not  energize  the  hot  or  cold 
relays  which  feed  power  to  the  motor  windings  in  automatic. 

(3)  Now  trace  across  resistor  R-6  at  the  three  way 
junction,  along  wire  B1B18  to  the  TOP  of  the  bridge  circuit. 

Note:    Resistor  R-6  is  a  voltage  dropping  resistor  to  the 
bridge,  simply  the  aircraft  or  trainer  circuits  would  only 
require  a  small  amount  of  vc Ltage  for  actual  operation. 
Therefore,  this  resistor  is  used  to  regulate  voltage  to  the 
bridge. 
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(a)  Notice  that  the  circuit  at  this  point  is 
nothing  more  than  a  parallel  circuit.    One  path  down  the  left  side, 
one  path  down  the  right  side. 

Note:    At  this  point  you  must  assume  that  the  bridge  is  in  a 
balanced  condition;  that  is  voltage  at  points  A  and  B  are 
the  same  and  NO  current  is  flowing  across  the  micro-positioner 
coil. 

(b)  Trace  along  wire  B2A18  through  the  rheostat 
and  variable  resists  along  vrire  B2B18  to  point  A.    Continue  on  wire 

B2C18  through  the  temp  sensing  element  (/-&c— )  along  wire  B2D18  to 

point  D  then  to  the  ground  point  along  wire  !  E18N. 

(c)  Go  back  to  the  top  of  the  circuit  and  trace 
to  the  right  along  wire  B3A18  through  the  sensing  element  ( — vb*—  ) 
along  wire  B3B18  to  point  B,  continue  on  wire  B3C18  through  the  variable 
resistor  — t  )  along  wire  B3D18  to  the  ground  point  along  wire 
H3E18N. 

The  circuit  you  have  just  traced  should  look  like  figure  5.  If 
your  traced  circuit  does  not,  redo  step  4  or  ask  your  instructor  for 
assistance. 

Note:    At  this  point  you  have  traced  the  manual  cold  circuit, 
the  manual  hot  circuit,  and  the  auto  circuit  under  a  balanced 
condition.    In  the  next  two  steps  you  will  unbalance  the 
circuit  and  energize  each  relay  in  turn,  the  hot  and  cold 
relay  circuits. 

5.      In  this  step  you  will  create  a  difference  in  voltage 
potential  by  raising  point  Afs  voltage  to  a  higher  value  than  the 
voltage  at  point  B. 

a.      This  can  be  accomplished  in  three  ways. 

(1)  By  the  rheostat. 

(2)  By  the  variable  realtor. 

(3)  By  the  temperature  sensor  on  the  left  side  of 

the  bridge. 

(a)    If  the  rheostat fs  resistance  is  decreased, 
then  less  voltage  would  be  used  to  get  the  current  to  flow  through  it; 
therefore,  the  voltage  at  point  "A"  would  be  higher.  Remember, 
voltage  drop  or  usage  is  in  proportion  to  resistance  in  a  series 
circuit.    Simply  if  a  resistor !s  value  changes,  the  voltage  require- 
ment for  that  resistor  or  circuit  automatically  chati6es. 
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(b)  By  the  same  token,  the  resistance  of  the 
variable  resistor  could  be  decreased  also  making  a  higher  voltage  for 
point  A  due  to  lese  voltage  being  required  for  it. 

(c)  On  the  sensing  element,  the  resistance  would 
have  to  be  increased.    By  increasing  this  resistor fs  value,  you  would 
require  a  larger  share  of  the  voltage  to  get  current  to  flow  through 
it.    Therefore,  less  voltage  would  *>e  used  through  the  othrr  resistors, 
in  turn  Impressing  a  higher  voltage  across  point  "A"  to  the  sensing 
element . 

b.  Now  that  a  higher  voltage  has  been  established  ap- 
point "A"  than  point  "B",  there  would  be  c  rrent  flow  across  the 
bridge. 

Note:    Always  remember  that  if  a  resistor fs  value  changes,  for 
any  reason,  voltage  will  automatically  be  changed,  either 
increasing  or  decreasing  the  voltage  requirement  fcr  that  unit 
or  units. 

(1)    Using  the  orange  pencil,  again  trace  across  the 
bridge  from  point  "B"  to  point  "A". 

(a)  Point  B  now  has  a  low  voltage.    Point  A  has 
the  higher  voltage  potential.    Example:    Po:  t  B  -  6  volts,  point  A 
■  8  volts. 

(b)  From  your  previous  study  you  should  note 
that  the  micropositioner  coil  magnetizes  and  the  armature  is  offset/ 
tilted  to  the  left.    Note  the  illustration  below. 


REMEMBER  to  use  the  Left  Hand  Rule 
to  fina  which  side  of  the 
coil  is  north • 

Figure  6. 
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c.     Using  the  orange  pencil,  trace  from  CI  to  XI  of  the 
hot  relay  through  the  coil  to  X2  to  ground  along  wire  H35B18N.  The 
relay  now  becomes  a  temporary  magnet  and  pulls  the  relay  contact  down, 
making  a  path  for  voltage  from  Al  to  A2  of  the  hot  relay.    Use  a 
brown  pencil  and  trace  across  to  A2  then  on  to  the  hot  motor  winding 
to  ground. 

Note:    At  A2  of  the  hot  relay,  auto  hot  and  manual  hot  uses 
the  same  wire  to  get  to  the  motor  windings. 

The  circuit  you  have  just  traced  should  look  like  figure  7.  If 
not,  redo  the  previous  section,  or  ask  your  instructor  for  assistance. 

6.      In  this  step,  lower  the  voltage  at  point  A.    Assume  that 
t\ is  voltage  is  now  lower  than  point  "B" . 

a.  Again  this  can  be  done  by  changing  any  of  the  resistance 
values  on  the  left  side  of  the  bridge.    This  could  have  easily  been 
done  on  the  right  side  of  the  circuit;  however,  the  left  side  is  merely 
being  used  as  a  point  of  reference. 

b.  Now  that  a  lower  voltage  is  established  at  point  A, 
current  will  flow  from  A  to  B  (left  to  right  across  the  bridge) . 

(1)    The  micropositioner  armature  contact  tilts/offsets 
to  the  right  in  turn  energizing  the  contact  to  C2.    Note  the  illustration 
below. 


CURRENT  FLOW   _  ^ 

+  6 


Figure  8. 

c.  Using  a  green  pencil,  trace  current  from  point  A  across 
the  micropositioner  to  point  B.    Trace  out  contact  C2  to  XI  of  the 
cold  relay  through  the  coil  to  X2  to  ground. 

(1)    This  relay  now  becomes  energized,  the  contact 
between  Al  and  A2  is  pulled  down  and  makes  the  electrical  circuit. 

d.  Trace  from  Al  (using  a  brown  pencil)  to  A2  through 
the  close  (cold)  motor  windings  to  the  ground  point  along  wire 
NMA18. 
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Note  at  A2  of  the  cold  relay  that  "auto  cold11  and  "manual  cold11 
use  tha  same  wire  at  this  point  to  transfer  voltage  to  the  motor 
windings. 

This  completes  project  1.    The  figure  you  have  just  traced  should 
look  like  figure  9.    If  you  do  not  understand  what  you  have  done  up 
to  this  point  and  why,  then  redo  this  project.    If  you  still  do  not 
understand,  then  notify  the  instructor  for  aid. 


Project  2 


INSTRUCTIONS 


Using  figure  18,  note  the  circles  and  squares  with  numbers  at 

the  various  points  on  the  circuit.    The  circled  numbers  ((?)-*•) 

represent  an  OPEN  wire  at  this  point.    The  squares  (0-^)  indicate 

that  the  circuit  is  SHORTED  at  this  point.    REMEMBER!    If  for  "any 
reason"  a  resistor's  resistance  is  changed  on  either  side  of  the 
circuit,  vcltages  at  points  A  and/or  B  will  be  changed. 

1.      Using  the  illustrations  below,  see  what  happens  when  either 
side  of  the  bridge  resistance  is  changed.    Illustration  1  indicates 
a  normal  circuit  under  a  balanced  condition  (no  current  flow  across 
the  bridge).    Illustration  2  shows  the  same  circuit  with  resistor 
R-3  broken  (open)  and  the  circuit  is  shown  in  an     balanced  state. 


BROKEN 

(OPEN) 
RQtSTOA 


e^v^ 

B  46V  +$y 


Illustration  1 


Illustration  2 


Figure  10. 
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a.     Note  that  the  left  aide  rf  the  bridge  In  illustration  2 
is  normal  and  still  has  a  +6  volt  potential  at  point  A.    Note  further 
that  with  R-3  broken,  that  there  is  NO  voltage  across  the  break  and 
the  voltage  potential  at  point  B  is  at  *  zero  (0)  volt  potential. 
Frrn  your  previous  studies  you  know  that  current  would  now  flow  from 
point  B_       to  point  \  (+).    Keep  in  mind  that  point  B  could  be  0, 
1,  2,  3,  4,  5,  5.9  volts  and  current  would  still  flow  untJl  B  reaches 
the  same  voltage  as  point  A,  then  the  circuit  would  be  balanced. 
With  current  flow  from  B  to  A9  tue  micropositioner  armature  contact 
will  tilt/offset  to  the  left  making  contact  with  the  wiring  going  to 
the  hot  relay. 

(1)  It  is  noteworthy  to  realize  that  at  this  point 
the  resistor  wil?  remain  broken  until  the  aircraft  returns  from 
flight  and  you,  the  maintenance  man,  correct  the  malfunction. 

(2)  In  turn  the  system  would  be  demanding  FULL  HOT 
in  AUTO  at  all  times. 

(3)  The  crew  'Wist  now"  select  the  manual  override 
ranf^s  to  control  temperature. 

2*     As  you  may  note,  computing  the  different  breaks  or  shorts 
on  the  bridge  could  become  quite  a  math  headache.    However,  there  is 
a  method  for  figuring  out  exactly  which  way  current  will  flow  when 
there  is  a  malfunction  on  the  diamond  itself.    Study  the  illustrations 
below  as  you  read  the  information  below  them. 


D.  D. 

Figure  11. 


a.      If  current  were  to  flow  ONLY  in  a  lopsided  ^pattern 
from  point  D  of  the  circuit  (note  illustrations  1  and  2)  and  we  used 
this  method,  we  could  readily  identify  the  malfunction  and  determine 
which  way  current  would  flow  across  the  bridge.    Arrows  indicate 
direction  of  Zj  and  current  flow  across  the  bridge. 
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(1)    Remember  this  will  only  be  a  method  used  in  aiding 
you  to  bypass  having  to  mathematically  compute  voltages  each  time 
there  is  a  short  or  open  on  the  diamond.    Keep  these  Z  from  D  patterns 
in  your  head  as  you  continue. 

b.     Using  the  illustration  below,  let's  see  exactly  how 
this  Z  pattern  will  help  in  determining  which  way  current  will  flow 
on  the  bridge. 


C 


Figure  12. 

(1)  Using  a  green  pencil  and  the  Z  pattern,  trace  from 
point  D  up  to  point  A.    So  far  the  circuit  looks  ok.,  now  -race  across 
from  point  A  to  point  B  then  up  to  the  broken  path  (resistor  R-3)  of 
the  circuit. 

(2)  At  this  point  the  circuit  has  an  incomplete  path 
and  current  could  not  flow  on  to  point  C  or  anywhere.     (You  must  have 
a  complete  path  for  current  to  flow.)    Seeing     i  how  you  don't  have  a 
complete  path  from  this  point  to  C  and  on  to  positive,  there  *-  NO 
ACTION  on  the  micropositioner  coil  and  it  remains  in  the  nautral 
posit 'on  (neither  relay  on). 

(3)  So  now  you  must  go  back  to  point  D  and  start  the 
Z  pattern  in  the  opposite  direction.    Use  figure  13  shown  below,  in 
this  procedure. 

C 


0 

Figure  13. 
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(a)    Using  a  green  pencil,  trace  from  D  to  point 
B  aero s a  to  poin   A,  up  to  point  C  and  to  the  positive  bus.    As  you  can 
see,  the  circuit  is  complete;  Lhe  armature  contact  is  tilted  to  the  left, 
and  the  H(ft  circuit  ts  energized.    Trace  the  contact  in  its  tilted 
position  to  the  left  in  orange. 

c.      What  if  resistor  Rl  were  shorted  in  the  illustration 
below?    Remember,  if  the  bridge  is  unbalanced,  the  current  will  always 
take  the  Z  pattern  from  the  lowest  voltage  potential  to  the  highest. 
In  figure  14  below,  use  the  green  pencil  to  face  out  your  Z  pattern, 
and  then  answer  the  questions  about  the  circuit. 


C. 


D. 

Figure  14. 


Answer  the  following  questions. 

1.  Current  now  flows  across  the  bridge  from    to 

 .     (A  to  B,  B  to  A) 

2.  This  Z  path  has  the  least  resistance   

(DBAC/DABC) 

3.  The  micro positioner  contact  is  (tilted/not  tilted) 

  to  the  (left/right /neither  direction)   


4.      Current  flow  takes  the  path  with  the  _    (least/ 

highest)  resistance. 

Check  the  following  page  for  the  correct  answer  to  the  illustration 
and  questions.    If  your  answers  do  not  agree  with  these,  then  reread 
the  information  given. 


18 

ERJC 


Answers  to  illustration  and  questions  1  through  4  on  page  18. 

C 


70  COLD 
RELAY 


Figure  15. 

c.  Your  circuit  should  appear  as  the  one  above.    This  is 
the  portion  of  the  circuit  that  you  should  have  traced  in  green.  From 
point  D  to  H  to  A  to  C.    Note  the  position  of  the  micropositioner 
armature  contact. 

1.  B  to  A. 

2.  DBAC. 

3.  tilted  -  left. 

4.  least. 

(1)  The  system  is  still  demanding  full  hot  as  was 
the  previous  circuit. 

(2)  The  thing  to  remember  is  that  current  goes  in 
the  opposite  direction  of  the  opens  and  flows  with  the  shorts  when 
using  the  troubleshooting  aid  of  "Z"  from  D. 

d.  As  was  stated  previously,  this  "Z"  from  D  is  merely 
an  aid  in  troubleshooting.    If  the  circuit  was  to  be  mathematically 
computed  in  each  case,  you  would  find  that  this  method  proves  correct 
in  determining  direction  of  current  across  the  bridge. 

Using  figure  18  and  figure  16,  you  will  identify  circuit  tual function (s) 
in  the  temperature  control  circuit  which  are  caused  by  OPENS  or  SHORTS. 
You  will  place  an  "X"  in  the  block  which  will  give  you  the  correct 
circuit  malfunction.    The  first  one  has  been  done  £or  you.    Numbers  2, 
3,  4  you  must  do  for  practice  and  have  them  checked  by  your  lab  instructor 
before  you  progress  to  the  problems  in  the  performance  check. 
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First  loo\  at  figure  16  and  find  practice  problem  1,  then  using 
figure  18,  look  for  problem  1  In  the  temperature  control  circuit*  After 
you  have  found  1  on  figure  18,  you  will  see  that  it  points  to  an  OPEN  in 
the  power  lead  to  the  temperature  ccntrol  switch.    You  can  identify  an 
open  in  this  figure  18  by  the  circle  around  the  number  of  the  cause,  or 
you  can  also  look  on  figure  16  under  the  cause  column, 

1.  Figure  16  gives  you  the  answer  sheet  for  practice  problem  1. 

2.  Figure  18  gives  you  the  location  of  the  OPEN  circuit  power 

lead. 

3.  The  circuit  condition  column  for  the  temperature  control 
switch  and  rheostat  in  figure  16  will  give  you  the  position  the 
controls  will  be  in  during  an  operational  check  when  the  given  CAUSE 
is  in  the  circuit. 

a.      How  will  the  circuit  malfunction  when  the  temperature 
control  switch  is  in  the  manual  cold  position?    You're  right;  1  is 
an  open  in  the  power  circuit  causing  the  power  to  be  cut  off  to  the 
temperature  control  switch.    By  tracing  the  circuit,  you  know  this 
switch  must  have  power  to  it  for  both  the  manual  and  auto  circuit 
to  operate  or  the  whole  system  will  fail.    This  can  now  be  marked  in 
figure  16  with  an  "X"  under  (NO  OPERATION) . 

Remember,  NO  OPERATION  means  that  the  temperature  control  valve 
will  not  operate  in  manual  hot,  cold  or  automatic.    This  does  not 
mean  that  the  bridge  will  not  control  the  micropositioner  and  the  hot 
and  cold  relay. 

The  selection  made  is  the  CIRCUIT  MALFUNCTION  (NO  OPERATION) . 
This  is  the  only  complete  and  correct  answer  because  the  power  has 
been  cut  off  to  the  circuits.    The  above  circuit  malfunction  will 
result  regardless  of  the  temperture  control  switch  and  rheostat 
position. 

If  you  would  have  selected  any  of  the  other  circuit  malfuuctions, 
your  answer  may  be  either  half  or  all  wrong. 

Note:    Be  very  CAREFUL  in  selection  of  che  circuit  malfunctions. 
They  must  describe  exactly  what  is  mal functioning,  nothing  more 
or  less.    Also,  always  note  the  position  of  the  temperature  control 
switch  and  rheostat  given  in  the  circuit  condition  column  in 
figure  16.    Sometimes  more  than  one  answer  could  be  correct. 


1126 
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PRACTICE  PROBLEMS 


First  look  at  figure  16  and  find  practice  problems  2,  3,  and  and 
then  using  foldout  2,  look  for  problems  29  3,  and  4  in  the  temperature 
control  circuit.    After  you  have  found  2t  3,  and  4  on  figure  18,  select 
the  correcc  circuit  malfunction  given  at  the  top  of  figure  16  by  placing 
an  "X"  in  the  correct  block*    Your  instructor  will  grade  your  work  and 
Initial  it  if  you  are  to  progress  to  the  performance  test. 
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Student  complete  the  following  (print). 

STUDENT  NAME   

(Last)  (First) 


CIRCUIT 

CONDITION 

CAUSE 

CIRCUIT  MALFUNCTION (S) 

TEMPERATURE 
CONTROL  SWITCH 

RHEOSTAT 

8 

o 

X 

H 

4. 

•c 

H 
0 
CJ 

MANUAL 
COLD 

MANUAL 
HOT 

AUTO 

HOT  (a 

r)  COLD 

H 
4 
Z 
t 

a 
X 

o 

No  Manual  1 

0 

4J 

a 
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0 

( 

4. 

I 

q 

4J 

c 

4. 

; 
< 

No  Operatic 

No  Auto 

Number  on 
Foldout  2 

X 

X 

X 

X 

X 

OPEN 

X 

1 

X 

OPEN 

2 

X 

X 

X 

SHORT 

3 

X 

X 

X 

OPEN 
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From  various  sine  waves,  specify  peak  voltage  and  effective 
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Frame  1 


ALTERNATING  CURRENT 

Alternating  current  and  direct  current  are  the  two  main  forms 
of  electrical  power  known  to  man  today.    You  have  already  been 
introduced  to  direct  current  and  to  the  method  of  producing  it. 
In  this  unit  of  instruction  we  will  deal  almost  exclusively  with 
alternating  current. 

Alternating  current  is  produced  by  the  mechanical  method.  Both 
the  alternating  current  generator  and  the  direct  current  generator 
use  the  same  principles  of  magnetism  to  produce  a  voltage.  Both 
types  of  generators  must  have  conductors,  a  magnetic  field,  and 
relative  motion  between  the  two.    The  difference  in  the  type  A 
output  is  controlled  only  by  the  Internal  parts  of  the  generators. 

NO  RESPONSE,  GC  TO  THE  NEXT  PAGE 
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Frame  2 


An  AC  generator  has  a  conductor  (actually  many  conductors) 
which  rotates  in  a  magnetic  field.    The  diagram  below  shows  a 
very  basic  AC  generator,  with  a  one  wire  conductor.    Notice  that 
the  conductor  is  in  the  form  of  a  loop,  with  a  pivot  point  midway 
in  the  loop. 


When  one  side  of  the  loop  is  traveling  up,  the  other  side  is 
moving  down      Hie  voltage  buildup  on  one  side  of  the  loop  always 
aids  the  voltage  buildup  on  the  other  si'e.    Since  this  is  so/we 
will  use  only  one  of  the  conductors  in  the  loop  to  explain  how  an 

in  I  nltKri*  ?:°?!;Ced;    lhe  diagram  below  reP"^nts  this  conductor 
in  a  magnetic  field.     (End  view)    if  the  conductor  is  rotated  in  a 

LIn^/r?freSennby  the  d°tted  line)  U  47111  fir8t  cu<  across  the 
!    "f      ^  f4  flux  in  one  direction  (right  to  left).    Then  it  will 
cross  the  flux  lines  in  the  opposite  direction  (left  to  right) .  This 
causes  current  to  flow  first  in  one  Miction  in  the  conductor,  and 
then  in  the  opposite  direction. 


CONDUCTOR 


NO  RESPONSE,  TURN  TO  THF  NEXT  PAGE 
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Frame  3 


A  sine  wave  is  commonly  used  to  represent  this  ^Iterating  cur- 
rent in  a  circuit.    The  next  few  pages  in  this  program  will  teach 
you  how  this  sine  wave  is  developed  and  the  terms  used  with  it. 

Let1 8  start  with  the  terms  used  when  plotting  a  sine  wave.  The 
two  solid  lines  in  the  diagram  below  are  reference  lines.     In  order 
to  show  how  much  voltage  the  generator  is  producing,  the  vertical 
line  called  an  "amplitude"  line  is  used.    This  line  is  sometimes 
marked  with  numbers  to  represent  specific  voltage  or  current  values. 


Draw  an  arrow  pointing  to  the  amplitude  line  in  the  diagram 
above. 
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Answer  to  Frame  3: 


Frame  4 

The  horizontal  reference  line  has  two  names.    It  can  either  be 
called  a  "0"  (zero)  reference  line  or  a  "time"  reference  line,  for 
it  represents  both  zero  voltage  and  time. 

Label  the  reference  lines  in  the  digram  below. 
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Answer  to  Fi.ame  4: 


AMPLITUDE  REFERENCE  UN  I 


\ 


TIME  REFERENCE  IINE 
OR=ZERO  REFERENCE  UNE 


Frame  5 


Now  l^t's  combine  the  basic  generator  (one  conductor)  and  the 
reference  lines  to  show  how  a  sine  wave  is  produced. 

In  the  diagram  below,  the  basic  AC  gen^  j*or  is  producing  no 
voltage.    The  conductor  is  moving  parallel  to  the  magnetic  lines  of 
flux  at  this  ins^nt,  and,  therefore,  is  not  cutting  across  any 
lines.    The  "0"  voltage  produced  at  this  time  is  represented  by  a 
dot  on  the  zero  reference  line. 


Draw  an  arrow  to  the  "O"  referent     'iiie  in  the  diagram  ab  /e. 
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Answer  to  Frame  S: 


z 


Frame  6 


As  the  conductor  rotates  from  the  starting  point  through  22^° 
of  a  complete  circle,  it  begins  to  cut  across  lines  of  magnetic 
flux. 


,  *  

/  45  \ 


/ 

p  HO" 

\ 


45" 


j.i.xs  produces  a  voltage  in  the  conductor.    The  amount  of  voltage 
at  this  time  is  small,  but  it  is  building  toward  the  maximum  voltage 
the  generator  will  produce.    This  small  amount  of  \>ltage  is  shown 
on  our  reference  lines  by  a  rising  line.     (The  start  of  our  sine 
wave.)    As  the  conductor  continues  to  rotate,  it  cuts  across  more 
lines  of  flux  and  produces  a  higher  voltage. 


/ 


■180 


 10V. 

 9V 

 7V 

3V 
3V 

IV 


/ 


f 

7 

43'  90°  133'  HO" 


1/8  1/4 
SEC  SIC 


I 

J/2 
SEC 


770' 


3/4 
SEC 


360  ' 
I 

I 

I 

SEC 


In  the  diagram  above,  the  conductor  has  traveled  45°  of  a  circle, 
and  the  voltage  shown  on  the  reference  line  has  risen  higher. 

What  is  the  voltage  at  this  time? 


How  long  hat.  ii  taken  for  this  voltage  buildup? 
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Answers  to  Frame  6:     7  volts 

1/8  second 

Frame  7 


The  conductor  continues  to  rotate  until  it  reaches  90°.  'one 
quarter  of  a  circle.)  At  this  time  the  conductor  is  cutting  a  it  :x 
mum  number  of  flux  lines  and  producing  maximum  voltage. 


On  the  reference  lines  above,  we  have  shown  the  voltage  sine 
wave  at  its  maximum  height.  Circle  the  letter  before  the  correct 
answer • 

1.  What  is  the  maximum  voltage  this  generator  is  producing* 

a.  6  volts 

b.  8  volts 

c.  10  volts 

d.  12  volts 

2.  Ho*  long  did  it  take  to  produce  this  nrak  (maximum)  voltage? 

a.  1/8  second 

b.  1/4  second 

c.  1/2  second 

d.  3/8  second 

3.  How  many  degrees  did  the  conductor  travel  to  produce  this 
maximum  voltage: 

a.  45° 

b.  90° 
r  180° 
d.  270° 

4.  At  what  point  on  the  time  reference  line  is  maximum  voltage 
shown? 

a.  45° 

b.  90° 

c.  180° 

d.  270° 
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Answers  to  Frame  7:  i,  c 
Frame  8 


2,  b 


3,  b 


4. 


As  the  conductor  continues  to  rotate  to  180°  of  a  circle,  it 
cuts  fewer  and  fewer  flux  lines,  until  it  is  finally  trav  Ung 
parallel  with  the  flux  lines  again,  cutting  "0"  lines  of  force, 
and  producing  zero  voltage. 


Complete  the  portion  of  the  sine  wave  on  the  reference  lin&s 
above  to  show  the  drop  of  voltage  to  zero  volts  a*c  180°, 


114.' 
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Answers  to  Frame  8: 


Q0  180         270        360  ' 


TLe  sine  wave  .iust  be  drawn 
so  that  it  covers  the  corners 
where  the  graph  lines  cross. 


Frame  9 

When  the  conductor  has  moved  from  0°  to  180°  in  a  circle,  it 
has  completed  o.e  alternation  (one  rise  and  fall  of  voltage  from 
zero  to  maximum  and  back  to  zero  volts).    When  the  sine  wave  for  one 
alternation  is  drawn  above  the  zero  reference  line,  it  always  indicates 
a  positive  (+)  alternation.    Plot  a  sine  wave  on  the  reference  lines 
below,  showing  one  complete  positive  alternation  of  voltage. 


nll43 


Answers  to  Frame  9: 


10 


0 


*0°      100°    ?70°  360° 


Frame  10 

When  the  rotating  conductor  completes  the  entire  circle,  it 
first  moves  through  the  flux  f field  in  one  direction,  (0°  to' 180°) 
and  then  cuts  across  the  flux  field  in  the  opposite  direction. 
(18C°  to  360°)    This  is  c  ie  complete  cycle  (a  complete  sequence  of 
events),  for  the  conductor  is  now  back  at  "0"  degr-es  of  the  circle, 
and  starting  on  the  second  cycle.    The  first  half  of  this  cycle 
produced  a  positive  alternation.    The  last  half  of  the  cycle  pro- 
duces a  negative  alternation.     (A  reverse  in  the  direction  of  induced 
EMF)    This  negative  voltage  buildup  and  collapse  is  always  drawn 
below  the  zero  reference  line. 


iiuimiHWii 


I        '        T  ' 

90       IB0       27<T  36L 


'4       12       34  i 

Sfc     c,ic     sfr  sic 
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1.  How  long  did  it  take  for  one  complete  cycle? 

2.  How  long  did  it  take  for  one  complete  alternation? 

3.  How  many  positive  volts  did  the  generator  produce? 


4.      How  many  negative  volts  did  the  generator  produce' 


5.  Would  it  he  possible  to  produce  more  negative  voltage  than 
positive  voltage  with  this  gt  lerator? 

6.  At  what  point  on  the  g^aph  is  maximum  negative  voltage 
shown?   ° 

7.  At  what  points  on  the  graph  are  "0"  voltages  shown? 
°  °  and  ° 
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Answers  to  Frame  10:     1.    1  second         2.     1/2  second         3.  10V 

4.     10V         5.    no         6.  270° 
7.    0    180  360 

Frame  1 1 


Plot  a  sine  wave  on  the  graph  below,  showing  one  complete  cycle 
of  AC  voltage.    Label  each  altetnation  as  Positive  or  Negative. 


90*        Ii0°       270°  360" 


Label  each  of  the  f.   lowing  on  the  sine  wave  below. 


Zero  reference  line 

Time  reference  line 

Amplitude  reference  line 

One  complete  positive  alternation 

One  compile  negative  alternation 

One  compi  ce  cycle 


Label  each  of  the  following  points  on  the  sine  wave  below. 


Answers  tc  Frame  11: 
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Frame  12 


As  you  have  seen,  the  generation  of  an  AC  voltage  produces  a 
sine  wave  that  is  constantly  changing  in  amplitude  and  periodically 
changing  in  direction.    The  voltage  is  always  rising  or  falling  and  twice 
per  cycle  is  at  zeio  volts.    Therefore,  the  amount  of  work  a  peak  AC 
voltage  can  do  is  not  equal  to  the  amount  of  work  an  equivalent  DC 
voltage  can  do.    An  AC  voltage  which  reaches  a  maximum  peak  of  10 
volts  will  do  the  same  amount  of  work  as  7.07  volts  of  DC. 

Therefore,  if  we  are  referring  to  the  ^  fective  voltage  of  an 
AC  circuit  it  is  only  about  70%  effective.    It  will  only  be  .707  of 
the  peak  voltage. 

Which  of  the  lines  across  the  positive  alternation  below 
represents  effective  voltage?     (Circle  the  letter  before  the  correct 
line) 


iy? 


Answer  to  Frame  12:  c 


Frame  13 


Unless  otherwise  specified,  all  AC  meters  are  calibrated  to  read 
the  effective  voltage  of  a  circuit.    The  actual  peak  voltage  will  be 
higher  than  what  your  meter  reads.    There  may  be  times  when  you  will 
find  it  necessary  to  determine  peak  voltage.    This  can  be  done  in  one 
of  two  ways.    Either  divide  the  effective  voltage  by  .707  or  multiply 
by  1.414.  Example: 


141.4  ioo 
.707/  100.000 

_7C7   im 

2930  ioo 

2828  400 

1020  ioo 

707  I4l74~ 
3130 


You  will  find  these  numbers  in  almost  any  book  on  electricity, 
if  >m  need  them,  so  we  don't  expect  you  to  merorize  them. 

1.      AC  meters  (unless  otherwise  specified)  are  alwaj  calibrated 
to  read 

a.  amperage  \  ltage. 

b.  instantaneous  voltage, 
c       effective  voltage. 

d.      peak  voltage. 
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Answer  to  Frame  13:  c 


Frame  14 


When  our  simple  generator  is  turning  at  a  speed  of  one  revolu- 
tion per  second,  it  is  producing  ore  complete  cycle  per  second 
(CPS).    Another  term  for  cycles  per  second  (CPS)  is  Hertz.  The 
number  of  cycles  per  second  (Hertz)  is  called  frequency.     If  the 
speed  of  the  generator  rotation  were  increased  to  5  revolutions  per 
second,  the  frequency  of  the  output  would  then  be  5  cps  (Hertz). 
Frequency  is  always  measured  by  the  number  of  complete  eye  as  in 
each  second.    The  sine  wave  for  5  cps  (Hertz)  would  look  like  this: 


What  is  the  frequency  of  the  sine  wave  below? 


a.  2  cps 

b.  4  cps 

c.  8  cps 

d.  16  cps 


2  SEC 


Frequency  is  always  measured  in  cycles  per:  (Circle  the  correct 
letter) 

a.  Microsecond. 

b.  Second. 

c.  Minute. 

d.  Hour. 


Answers  to  Frame  14:    4  cps  b 

You  have  now  completed  this  program.    Please  inform  your 
instructor  that  you  have  completed  the  text. 
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OBJECTIVE 


Specify  basic  facts  relating  to  capacitance  with  a  minimum  of 
80*  accuracy.  , 

INSTRUCTIONS 

11,18  Pro8ram  presents  Information  in  small  steps  called  "frames." 
After  reading  each  frame,  you  are  asked  to  select  an  answer  or  make 
an  entry  that  shows  that  you  understand  the  information  in  that  frame: 
do  so  by  writing  your  answer  in  the  response  sheet.    Do  not  mark  in 
this  text.    You  may  check  the  accuracy  of  your  response  by  checking 
correct  responses  at  the  top  of  every  even  numbered  page. 
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Frame  1 


You  have  learned  about  electron  flew  in  a  previous  text.  At 
this  point,  lets  see  how  a  capacitor  would  effect  this  flow.  To 
start  with  lets  answer  the  question,    9lwhat  is  a  capacitor?"  A 
simple  definition  of  a  capacitor  is:    "an  electrical  device  capable 
of  storing  electrical  energy."    It  would  be  quite  possible  at  this 
time  to  confuse  this  definition  with  the  definition  of  a  battery, 
however,  there  is  a  essential  difference  between  the  two.    A  battery 
is  a  chemical  generator  which  produces  electrical  energy  as  a  product 
of  chemical  activity.    A  capacitor  is  a  storage  device  (not  a  gener- 
ator) which  stores  electrons. 


GLASS  JAR 


BATTFRY 


Figure  1. 


Figure  1  above,  illustrates  a  glass  jar,  two  conductors  and  a 
battery.    The  inside  and  outside  of  the  glass  jar  is  wrapped  with 
copper  foil.    The  positive  terminal  of  the  battery  is  connected  to 
the  inside  piece  of  foil.    While  the  negative  terminal  is  connected 
to  the  outside  piece  of  foil.    There  is  no  connection  between  the 
two  conductors  as  the  glass  jar  separates  them.    It  insulates  the 
inside  and  outside  copper  foil  from  one  another.    We  now  have  the 
three  essential  parts  of  any  capacitor;  two  conductors,  and  an 
insulator.    Each  of  these  three  parts  has  a  specific  name.  The 
conductor  (inside  foil)  connected  to  the  positive  post  of  the  battery 
is  called  the  anode.    The  conductor  (outside  foil)  connected  to  the 
negative  post,  is  called  the  cathode.    The  insulator  (glass  jar) 
is  called  the  dielectric. 

Answer  each  of  the  following  statements  either  true  (T)  or  false  (F) , 
 1.     The  insulating  material  in  a  capacitor  is  called  a  dielectric. 


2.  A  capacitor  is  a  electrical  device  capable  of  storing 
electrical  energy.  ' 

3.  The  glass  jar  used  in  figure  1  would  be  an  example  of  a 
conductor • 

4.  The  fo'.l  used  in  figure  1  would  be  an  exaaple  of  a  insulator. 


erJc 


CHECK  YOUR  RESPONSES  AT  THE  TOP  OF  PAGE  4. 
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Correct  Responses  to  Frame  1:    1.    T,    2.    T,    3.    F,    4,  F. 
Frame  2 

Now  that  we  have  established  that  there  is  no  electrical  con- 
nection between  the  two  conductors,  (or  plates  as  they  are  sometimes 
called)  lets  see  how  the  electrons  flow.    The  electrons  in  the  nega- 
tive plate  want  to  pass  through  the  dielectric  to  the  positive  plate. 
Thus,  we  can  say  that  a  potential  exists  between  the  two  plates. 
The  electrons  tend  to  accumulate  cm  the  negative  plate  (see  figure  2A 
below).    If  we  disconnect  the  battery,  electrons  will  be  trapped 
on  the  surface  of  the  negative  plate  (see  figure  2B  below) .  Now 
if  we  touch  thy  leads  connected  to  the  plater  ,  the  electrons  will 
have  a  way  to  reach  the  positive  plate  (see  figure  2C  below).  Since 
electron  movement  will  be  virtually  instantaneous,  a  spark  will  be 
produced. 


Figure  2A.  Figure  2B.  Figure  2C. 


If  the  capacitor  is  removed  from  the  circuit  while  still  charged, 
we  would  have  the  equivalent  of  a  small  battery.    It  would  not  be 
a  very  useful  battery  however.    Fcr  as  soon  as  *t  was  connected  to 
a  circuit,  the  electrons  would  leave  the  negative  plate  and  attempt 
to  reach  -he  positive  plate.    Once  this  has  occurred,  the  capacitor 
is  disr*   rged.    Then  the  plates  of  the  capacitor  become  two  pieces 
of  neuUal  metal.    As  the  capacitor  discharjes  through  the  circuit, 
it  momentarily  supplied  a  voltage.    This  voltage  is  almost  as  high 
as  the  original  battery  voltage  due  to  the  electron  build  up. 

Indicate  the  letter  of  the  correct  response  to  each  of  the  following 
statements. 

1.     When  a  charged  capacitor  is  removed  from  a  circuit,  it  will 

a.  immediately  charge. 

b.  immediately  discharge. 

c.  retain  its  electrical  charge. 
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Frame  2  (Cont'd) 

2.     A  capacitor  discharges  with  a  voltage  that  is 

a.  slightly  higher  than  the  applied  voltage. 

b.  slightly  lover  than  the  applied  voltage. 

c.  equal  to  the  applied  voltage. 
SEE  TOP  OF  PAGE  6  FOR  CORRECT  RESPONSES . 
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Correct  Responses  to  Frame  2:    1*    c,    2.  b. 
Frame  3 

The  amount  of  charge  that  a  capacitor  can  hold  depends  upon 
how  it  is  constructed,    iliic  capacity  for  storing  energy  in  an  eleccric 
field  is  called  capacitance.    Three  separate  physical  properties  deter- 
mine the  amount  of  eh        that  any  capacitor  i3  capable  of  holding* 

1.  Plate  Area  -  *ne  larger  the  plate  area,  the  more  electrons 
it  can  hold;  therefore,  it  has  more  capacitance. 

2.  Distance  Between  the  Plates  -  When  the  distance  between 
the  plates  is  increased,  the  capacitance  is  decreased  because  the 
greater  distance  between  the  two  plates  reduces  the  attractive  force 
between  them. 

3.  Type  of  Dielectric  -  Electrons  are  easier  to  displace  in 
some  dielectric  materials  than  they  are  in  other  dielectric  materials* 
The  type  of  dielectric,  therefore,  has  a  direct  bearing  on  the  capaci- 
tance of  the  capacitor. 

Complete  the  following  statement. 

1.     The  three  physical  properties  that  determine  the  capacitance 
of  a  capacitor  are: 

a.    . 


b. 


c.   • 


CHECK  YOUR  RESPONSES  AT  THE  TOP  OF  PAGE  8. 
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Frame  4 


Capacitors  are  effected  more  by  temperature  than  by  any  other 
environmental  conditions,  except  humidity.    This  is  because  capacitors 
are  electrical  devices  and  they  store  electrons*    As  the  temperature 
increases,  electron  activity  increases  and  as  temperature  decreases 
electron  activity  decreases.    Therefore,  when  a  circuit  is  designed 
to  use  a  capacitor,  the  temperature  factor  must  be  tafcen  into  consideration. 

NO  RESPONSE  REQUIRED 

CHECK  YOUR  RESPONSE  AT  THE  TOP  OF  PAGE  8. 
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Correct  Responses  to  Frame  3:  1.  a.  plate  area,  b.  distance  between 
the  plates,    c.    type  of  dielectric. 

Correct  Response  to  Frame  4:    None  Required. 
Frame  5 

A  capacitor  has  the  ability  to  oppose  any  change  in  voltage. 
To  explain  this  more  clearly,  lets  connect  a  capacitor  in  parallel 
with  a  resistor  in  a  circuit.    The  symbol  most  commonly  used  to 

represent  a  capacitor  is  H  (—  •".  (Positive  —\   ,       Negative    (—  ) 


When  the  switch  is  closed  in  the  circuit  above,  voltage  causes 
current  to  flow  through  the  resistor.    Full  voltage  is  applied  across 
both  the  resistor  and  the  capacitor.    The  capacitor  is  being  charged 
at  the  same  time  that  current  starts  flowing  through  the  resistor. 
When  the  capacitor  has  beer,  fully  charged  (tb  a  voltage  almost  as 
high  as  the  battery  voltage) ,  there  will  no  longer  be  a  flow  of 
electrons  to  the  negative  plate  of  the  capacitor.    Now  all  the  electron 
flow  will  be  through  the  resistor.    (This  applies  to  a  DC  circuit 
only . ) 

Indicate  the  letter  of  the  correct  response  to  eacn  of  the  following 
statements . 

1.      A  capacitor  has  the  ability  to  oppose  changes  in 

a.  current  flow. 

b.  voltage. 

c.  frequency. 

d.  resistance. 


is  the  symbol  for 


a.  a  capacitor. 

b.  an  inductor. 

c.  reactance. 

d.  impedance. 

CHECK  YOUR  RESPONSES  AT  THE  TOP  OF  PAGE  10. 
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Frame  6 


When  the  switch  in  the  circuit  below  is  opened,  after  the  capacitor 
has  been  charged,  the  battery  voltage  is  removed  from  the  circuit. 
Voltage  across  the  resistor  is  not  removed  though,  because  of  the 
charge  on  the  capacitor.    The  capacitor  discharges  across  the  resistor 
keeping  the  voltage  applied  for  a  very  short  time.    The  capacitor 
acting  like  a  battery,  opposes  the  decrease  (change)  of  voltage  across 
the  resistor.    Thi^  circuit  was  used  for  demonstration  purposes  only. 
A  capacitor  is  not  needed  to  keep  the  voltage  constant  across  the 
resistor  because  the  battery  voltage  does  not  fluctuate. 


Suppose  we  need  a  constant  voltage  across  a  resistor,  and  the 
power  supply  fluctuates  from  100  volts  to  110  volts.    Would  a  capacitor 
in  this  type  circuit  help  us  obtain  a  steady  voltage?    It  certainly 
would  I    As  the  voltage  from  the  source  rises  from  100  to  110  volts, 
the  capacitor  would  continue  to  charge  to  the  higher  voltage.  Now 
when  the  applied  voltage  drops  back  to  100  volts,  the  capacitor  dis- 
charges electrons  through  the  resistor.    This  action  helps  stabilize 
the  voltage  across  the  resistor. 


Answer  each  of  the  following  statements  either  true  (T)  or  false  (F) , 

 r       The  capacitor  in  the  above  circuit  charges  when  the  applied 

volte ge  increases. 

 2.     The  capacitor  discharges  through  the  resistor  when  the 

applied  voltage  decreases. 

 3.      Fluctuations  in  applied  voltage  are  not  opposed  by  the 

capacitor. 

CHECK  YOUR  RESPONSES  AT  THE  TOP  OF  PAGE  10. 
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Correct  Responses  to  Frame  5  s    1.    b,    2.  a. 


Correct  Responses  to  Frame  6:  1.  T,  2.  T,  3.  F. 
Frame  7 


A  capacitor  in  a  circuit  causes  current  to  lead  the  voltage. 
That  is,  the  capacitor  causes  a  shift  in  phasing  between  the  current 
and  voltage.    This  shifting  action  can  be  explained  with  the  circuit 
and  graph  shown  below. 


12V 
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CURRENT 

a 

VOLTAGE 


t 


E  12  VOLTS 


CURRENT  WILL  LEAD  VOLTAGE 
IN  A  PURELY  CAPACITlVf 


TIME 


VOLTAGE  -CURRENT  RELATIONSHIP 
OURING  CHARGING  OF  A  CAPACITOR. 


Before  the  switch  in  this  circuit  is  closed,  the  capacitor  has 
a  neutral  charge.    In  other  words,  its  voltage  is  zero.    As  soon  as 
the  switch  is  closed,  the  12  volts  from  the  battery  causes  a  maximum 
flow  of  current.    As  the  current  flow  continues,  the  voltage  at  the 
capacitor  increases.    As  the  charge  of  the  capacitor  builds  up,  the 
difference  in  potential  betreen  the  battery  and  capacitor  plates  becomes 
less.    This  causes  a  progressively  decreasing  current  flow.  When 
the  capacitor  is  fully  charged  (maximum  voltage) ,  the  current  flow 
will  stop  completely  (minimum  current). 

The  graph  shows  the  voltage-current  relationship  at  the  capacitor 
during  the  charging  time.    The  vertical  line  at  the  left  of  the  graph 
represents  the  voltage-current  condition  in  the  capacitor  at  the 
instant  the  switch  is  closed.    The  current  (electron)  flow  is  at 
maximum,  and  the  voltage  is  at  minimum.    As  the  voltage  increases, 
the  current  flow  decreases.    When  the  voltage  has  reached  maximum 
(near  12  volts),  the  current  flow  has  dropped  to  zero.    If  we  com- 
pare this  action  with  one-half  cycle  in  an  AC  circuit,  we  can  see 
that  the  capacitor  causes  the  current  to  lead  the  voltage. 

Answer  each  of  the  following  statements  either  true  (T)  or  false  (F) . 

 1.      At  the  time  that  the  capacitor  is  fully  charged  (maximum 

voltage)  the  current  flow  is  also  maximum. 

 2.      The  capacitor  causes  current  to  lead  the  voltage  in  the 

circuit. 

 3.      At  the  instant  that  th*  capacitor  is  starting  to  charge, 

the  current  will  be  at  maximum. 


CHECK  YOUR  RESPONSES  AT  THE  TOP  OF  PAGE  12, 
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Frame  8 


»C»  J^k^  ?f,n8f8 Urement  for  8  caPacitor  is  the  farad.    The  letter 

will  chaSe  ^°LnL?;PaCJtanCe-    If  0ne  COuloni)  <6'28  *  10  eLctrons) 
/    t?e  the  capacitor  to  a  one  volt  charge,  the  capacitor  has  one 

use     TVerlro^e  ^hCe-  ^  ±tSeU  ±S  t0°  lar*e  Practical 

Se'miSofarad  L  °f  "tually  used  is  microfarad. 

Sd  «    I  ?     S°  fe^lllonth  of-  a  farad  and  is  abbreviated 

mTTlWT^f  ^^"^crofarad  is  also  used.    It  is  equal  to  one- 
millionth  of  a  microfarad  and  is  abbreviated  mmfd  or  pf. 

on  thS"  ^aCJt0r8  f180  haVe  aDCanda»AC  voltage  rating  stamped 
on  them     This  is  to  insure  the  capacitor  will  not  be  used  in  a  circuit 

^avrhave  c:?ora8eHJinitat,i0n8  C°uld  be  exceeded«    0ther  capacitors 
may  have  color  coding  to  designate  the  size  and  voltage  rating. 

FIXED  PAPER  CONDUCTOR 

DIELECTRIC  CAPACITOR  rFOIL    PAPER 

INSULATOR 


LEAD-*- 


LEAD 


CONDUCTOR  FOIL 


Answer  each  of  the  following  statements  either  true  (T)  or  false  (F) . 

 1.     The  units  of  measurement  for  capacitance  are  the  microfarad 

and  the  micromicrofarad. 

_2.     An  abbreviation  for  the  microfarad  is  yfd. 


 3'      ^  VOliage  ratln88  stamped  on  the  capacitors  should  be 

observed  when  the  capacitors  are  connected  in  circuits. 

CHECK  YOUR  RESPONSES  AT  THE  TOP  OF  PAG!  12. 
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Correct  Responses  to  Frame  7:  1.  F,  2.  T,  3.  T. 
Correct  Responses  to  Frame  8:  1.  T,  2.  T,  3.  T. 
Frame  9 

There  are  many  different  types  of  capacitors.    Let's  briefly 
describe  a  few  different  types  so  that  you  will  be  familiar  with 
them. 

One  common  type  of  capacitor  is  made  by  placing  a  long,  narrow 
sheet  of  oiled  paper  between  two  similar  sheets  of  tinfoil.  Then 
another  sheet  of  oiled  paper  is  placed  against  the  outside  surface 
of  each  tinfoil  sheet.    These  layers  of  tinfoil  and  paper  are  then 
rolled  up  and  sealed  in  a  cardboard  tube.    Two  terminals  are  connected 
to  the  tinfoil  and  one  extended  to  the  outside  of  the  tube. 

The  amount  of  voltage  that  can  be  applied  to  such  a  capacitor 
depends  upon  the  insulating  ability  of  the  paper  (dielectric)  .  In 
other  words,  the  dielectric  of  a  capacitor  determines  the  highest 
voltage  that  the  capacitor  can  withstand  without  breaking  down.  When 
the  plates  are  charged,  electrons  attempt  to  move  from  the  negative 
plate  to  the  positive  plate.    But,  the  dielectric  prevents  this  from 
happening.    However,  depending  upon  the  applied  voltage  and  the  type 
of  dielectric's  own  electrons  may  break  loose  and  move  to  the 
positive  plate.    This  reduces  the  efficiency  of  the  capacitor.  There- 
fore, it  is  desirable  to  use  dielectrics  with  high  "electron  holding" 
characteristics.    This  electron-holding  ability  of  a  dielectric  is 
indicated  by  a  numerical  value  which  is  called  the  "dielectric  con- 
stant."   The  dielectric  constant  value  compares  the  electron-holding 
quality  of  a  dielectric,  to  a  comparable  insulating  layer  of  dry  air. 
For  example,  a  nonconductor  with  a  dielectric  constant  of  6,  would 
be  6  times  as  good  a  dielectric  as  a  layer  of  air  of  equal  thickness. 

The  higher  the  dielectric  constant,  the  better  the  quality  of 
the  dielectric.    The  dielectric  constant  rating  is  so  important  that 
capacitors  are  classified  by  the  kind  of  dielectric  used.  The 
general  types  of  capacitors,  classified  by  dielectric,  are;  air, 
compressed-gas,  vacuum,  mica,  ceramic,  glass,  oil,  oil-paper,  caster 
oil  paper,  chlorinated  diphenyl-paper,  and  wax  paper.    The  castor 
oil  paper  ty  e  of  capacitor  is  one  of  the  better  paper  capacitors. 

Answer  each  of  the  following  statements  either  true  (T)  or  false  (F) . 

 !•      The  dielectric  of  a  capacitor  determines  the  highest  voltage 

the  capacitor  can  withstand  without  breakdown. 

 2.      Capacitors  are  distinguished  by  the  type  of  dielectric 

they  contain. 

CHECK  YOUR  RESPONSES  AT  THE  TOP  OF  PACE  14. 
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Frame  10 
a 


„„         ||aw*  Previously  stated  that  DC  voltage,  when  applied  to 

capacitor^  £*2£2.<£  T aLc  d^V^na'cSt)  "» 

2* ho^.^htnSilk*  -  th«  illative, 

alternate     On  !L^S     *   .*  CUrrMt  fl°"  from  the  *c  will 

^uT«oeSerj  I^ch^i^t!;6  P08ItlTr  Ch"8'd' 

the  positive  oh.r..  fnJ  v         8     .     the  n'a  cvcle'  £  wt,uld  receive 

continue  wlchtaS  cv^.1  t   °e8"IVe  d,ari!e-    Thls  Itamatlon  will 

(dielectric)  be^^K        °  f"nt  W1U  flow  thr°»8h  the  in.ul.tor 

in  thrre^Lne%  ^the  cW JetT  "T"- •««"  "1U  fl°" 
current-  fi™   .w-uJ        circuit  in  between  cycles.    The  amount  of 

S^j^.%rs?is  jhsu-jk  rUr'e„ed 

faltlnourL  I       .ully  d!08en*    1116  chosen  must  change 

iasc  enough  to  store  the  needed  enerzv     Y*t-    u  j«i    u  7^ 

enongh  to  av  .id  bucking  the  ne«™cle"of  current 


AC  GENERATOR 

CAPACITOR 


=-0- 


I 


AC  AMMETER 

Answer  each  of  the  following  statements  either  true  (T)  or  false  (F) . 

 -1'  ?,Capacltor  haa  AC  aPPlied  to  it,  the  charge  on  the 

capacitor  constantly  reverses. 


2. 


When  DC  voltage  is  applied  to  a  capacitor,  the  charge  on 
the  capacitor  constantly  reverses. 

Current  flow  in  the  above  circuit  will  change  if  the  fre- 
quency of  the  applied  voltage  changes. 

CHECK  YOUR  RESPONSES  AT  THE  TOP  OF  PAGE  14. 
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Correct  Responses  to  Trame  9:    1.    T,    2.  T. 

Correct  Responses  to  Frame  10:    1.    T,    2.    F,    3.  T. 

Frame  11 

Capacitance  may  be  compared  to  the  elasticity,  (springness)  of 
a  punching  bag.    Before  the  blow  is  delivered,  the  bag  can  be  con- 
sidered as  being  uncharged.    Just  as  a  capacitor  is  said  to  be  uncharged 
before  it  has  been  connected  across  a  power  source. 

Delivery  of  the  boxer's  punch  causes  the  punching  bag  to  move 
outward.    The  extent  of  movement  depends  upon  the  force  exerted. 
Similarly,  a  capacitor  accepts  a  charge.    The  strength  of  the  charge 
is  determined  by  the  applied  electrical  energy. 

The  punching  bag  reaches  the  maximum  distance  it  can  move,  in 
a  given  direction,  because  of  the  elasticity  of  its  supports.  This 
extreme  distorted  position  represents  stored  energy,  that  flings 
the  bag  backward  with  almost  equal  force.    This  action  may  be  compared 
to  the  action  of  the  energy  stored  within  a  charged  capacitor  which 
is  released  when  the  capacitor  is  discharged. 

Indicate  the  correct  response  to  the  following  statements. 

1.      The  strength  of  the  capacitor1 s  charge  is  determined  by  what? 


a. 

Magnetic  field. 

b. 

Circuit  resistance. 

c. 

Applied  electrical  energy. 

d. 

Current . 

When 

is  a  capacitor  said  to  be  uncharged? 

a. 

After  it  has  been  connected  to  an  emf . 

b. 

When  it  is  gathering  electrons. 

c. 

Before  an  emf  is  connected  to  it. 

d. 

When  current  is  flowing. 

CHECK  YOUR  RESPONSES  AT  THE  TOP  OF  PAGE  16. 
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Frame  12 

Below  are  shown  some  different  types  of  capacitors  that  a^e 
used  in  various  circuits.    Study  the  illustrations  and  become  familiar 
with  thesB  different  types  of  capacitors. 


^■^50  MFD  15 

ELECTROLYTIC  CAPACITOR 

Most  economical  for  AC 
motor  starting  circuits. 
Used  with  a  centrifugal 
switch. 


I  MFD  IOOVOLT  MINIATURE 
ELECTROLYTIC  CAPACITOR 

Most  economical  for  AC 
motor  starting  circuits. 
Used  with  a  centrifugal 
switch. 


TUBULAR  PAPFR 
CAPACITOR 

Has  ability  to  withstand 
high  voltages. 


NO  RESPONSE  REQUIRED 
CHECK  YOUR  RESPONSE  AT  THE  TOP  OF  PAGE  16. 
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Correct  Responses  to  Frame  11:    1.    c,    2.  c. 
Correct  Response  to  Frame  12:    None  Required. 
Frame  13 

Answer  each  of  the  following  statements  either  true  (T)  or  false  (F) . 

 1.     The  insulating  material  in  a  capacitor  is  called  a  dielectric 

 2.     The  size  of  the  plates ,  the  distance  between  the  plates 9 

and  the  type  of  dielectric  determine  the  capacitance  of  a 
capacitor. 

 3.      Capacitance  is  measured  in  henries. 

 4.     When  a  charged  capacitor  Is  removed  from  a  circuit »  it 

immediately  discharges. 

 5.     A  capacitor  has  the  ability  to  oppose  any  change  in  voltage. 

 6.     A  capacitor  causes  current  to  lead  the  voltage. 

 7.     The  voltage  ratings  on  capacitors  need  not  be  observed 

when  connecting  the  capacitors  in  AC  circuits. 

 8.     Capacitors  are  distinguished  by  the  type  of  dielectric  they 

contain. 

 9.     When  an  AC  voltage  Is  applied  to  a  capacitor ,  the  charge 

on  the  capacitor  constantly  reverses. 

 10.     You  should  use  caution  when  working  with  capacitors  because 

of  their  ability  to  store  an  electrical  charge. 

CHECK  YOUR  RESPONSES  AT  THE  TOP  OF  PAGE  17. 
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Correct  Responses  to  Frame  13:  1.  T>  2.  T,  3.  F,  4.  F,  5.  T, 
6.    T,    7.    F,    8.    T,    9.    T,    10.  T. 
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OBJECTIVE 

Identify  basic  facts,  construction  characteristics  and 
principles  relating  to  inductance  with  a  minimum  of  80S  accuracy. 

INSTRUCTIONS 

This  programmed  text  presents  information  In  small  steps  called 
"frames."    After  reading  each  step,  you  are  asked  to  complete  a 
statement  or  respond  as  directed.    Use  a  place  of  paper  or  a  card  as 
a  mask  to  cover  the  printed  material.    Slide  this  mask  down  the  page 
until  you  expose  the  top  of  a  short  row  of  slushes  (////////////). 
One  small  step  is  now  exposed  for  your  viewing.    Head  the  material 
presented  and  make  you.:  response  In  the  space  (a)  provided.  Slide 
the  mask  down  and  compare  your  at*  ver  with  the  correct  one.    If  you 
are  wrong,  read  the  frame  again;  If  you  are  correct,  go  on  to  the 
next  frame. 


9 
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Frame  1 

When  current  flows  through  a  conductor,  a  magnetic  field  is  created  around 
the  conductor.    If  the  current  increases,  the  magnetic  field  expands.  To 
determine  the  direction  that  the  magnetic  field  is  rotating  around  the  conductor, 
the  left  hand  rule  is  used.    The  left  hand  rule  is  demonstrated  below. 


LEFT  HAND  RULE 

Thumb  Points  In  Direction  of  Current  Flow  and 
Fingers  Show  Direction  of  the  Rotating  Magnetic  Field. 

Whenever  the  direction  of  current  is  known,  the  direction  of  the  rotating 

magnetic  field  can  be  found. 

* 

Whenever  the  direction  of  the  magnetic  field  is  known,  the  direction  of  the 
current  flow  can  be  found. 

Circle  the  letter  of  the  correct  response  to  the  following  statements. 

1.     Which  diagram  below  shows  the  correct  direction  of  current  flow? 


C 


ED 


2.     Which  diagram  below  shows  the  correct  direction  of  the  rotating 
magnetic  field?  


a. 


c 


EM F  t« 


3 


nun 

3 
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Answers  to  Frame  1;   1.  b. 


a. 


Frame  2 

When  two  separate  conductors  are  parallel  to  each  other  (adjacent)  and  one  has 
current  txv      ig  through  it,  an  electromotive  force  is  induced  in  the  adjacent 
conductor.    Remember,  to  create  anEMF,  there  must  be  a  conductor,  a 
magnetic  field,  and  relative  motion.    The  wires  serve  as  conductors,  as 
current  flow  increases  through  the  first  conductor  an  expanding  magnetic 
field  is  created  which  cuts  across  the  adjacent  (No.  2)  conductor,  thereby 
producing  an  EMF.    When  current  flow  in  one  conductor  produces  an  EMF  in 
another  conductor  it  is  called  mutual  inductance.    By  using  the  left  hand  rule), 
we  find  that  the  EMF  that  is  induced  in  the  second  (adjacent)  conductor  is  in 
the  opposite  direction  of  the  applied  EMF. 

MUTUAL 
INDUCTANCE 


J 


APPLIED 


DUCED 


EXPANDED 
MAGNETIC 
HELD 


STATIONARY 
CONDUCTOR 


Let's  look  at  these  same  two  conductors  from  an  end  view.    Curving  the  fing 
of  the  left  hand  around  No.  2  conductor  the  way  that  the  field  is  bent,  you  can 
see  that  the  thumb  of  your  left  hand  indicates  the  induced  EMF  to  be  in  the 
opposite  direction  as  the  applied  EMF  in  the  No.  1  conductor. 


►ERIC 
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Review  the  principle  of  operation  of  a  basic  generator  as  shown  here.  Fol- 
low the  bent  magnetic  lines  around  the  conductor  with  the  fingers  of  your  left 
hand  and  you  see  the  current  is  flowing  into  the  conductor  away  from  you. 


Notice  that  the  conductor  moves  across  the  magnetic  field  in  a  generator, 
but  isn't  the  result  the  same  whether  the  conductor  moves  across  the  field 
or  the  field  moves  across  a  stationary  conductor?   Either  way  an  EMF  will 
be  produced,    Mark  the  following  statements  true  (T)  or  false  (F). 

1.  When  the  conductor  moves  parallel  with  the  magnetic  field,  no  EMF 
will  be  produced. 

2.  If  a  magnetic  field  moves  across  a  conductor,  an  EMF  will  be 
produced. 

 3.     The  EMF  that  a  conductor  induces  into  another  conductor  is  called 

mutual  inductance.  , 

////// 
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Answers  to  Frame  2:  1, 


3. 


Frame  3 

A  single  conductor,  when  wound  into  loops,  can  induce  an  EMF  within  itself. 
When  this  occurs,  it  is  called  self-inductance.    Also,  when  a  conductor  is 
wound  into  loops  to  form  &  coil,  the  strength  of  the  overall  magnetic  field 
greatly  increases.    The  amount  of  induced  EMF  therefore  would  bo  much 
greater.   


DIRECTION  O^ 
CURRENT  FLOW 


ERLC 


Notice  in  the  loop  shown  above,  that  the  magnetic  lines  inside  the  loop  aid 
each  other  to  create  a  strong  overall  magnetic  field.    Consequently,  when 
many  loops  form  a  coil,  the  self -inductance  would  be  much  greater.    The1  let 
ter  symbol  used  to  indicate  inductance  is  ML.M   You  may  see  the  symbol  J^n^ 
in  diagrams  to  represent  a  coil  (inductance).    The  unit  of  measurement  for 
inductance  is  the  ,!henry.  M 

Circle  the  letter  of  the  correct  answer  to  the  following  statements. 

1.  Self -inductance  is  a  voltage  produced 

a.  by  a  chemical  method. 

b.  in  a  conductor  by  current  flow  in  the  same  conductor. 

c.  in  a  conductor  by  current  flow  in  a  different  conductor. 

d.  by  mechanical  means. 

2.  The  letter  symbol  used  for  inductance  is 

a.  V. 

b.  A. 

c.  L. 

d.  I. 

3.  The  amount  of  inductance  in  a  single  conductor  can  be  greatly  . 
increased  by 

a.  forming  the  conductor  into  loops. 

b.  increasing  the  length  of  the  conductor. 

c.  decreasing  the  length  of  the  conductor. 

d.  decreasing  the  applied  EMF  of  the  conductor. 

4.  The  unit  of  measure  for  inductance  is  the 

a.  henry. 

b.  farad. 

c.  ohm. 

//mA172 
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Answers  to  Frame  3:  1.     b      2.     c      3,     a      4.  a 


—  -  Frame  4 

LOOP  NO  2 
LOOP  NO  I 


m    APPLIED  t  ? 
 — *   INDUCED  EMF 


I/Ooking  at  one  expanding  field  as  it  cuts  an  adjacent  conductor,  (as  shown 
above)  we  see  Lhat  an  induced  EMF  is  produced  which  opposes  the  applied 
EMF.    This  action  would  be  multiplied  many  times  over  if  ill  the  magnetic 
fields  of  all  the  loops  were  taken  into  consideration.    Upon  further  examina- 
tion, we  can  see  that  the  induced  EMF  would  also  be  created  when  the  mag- 
netic field  collapses,  but  the  induced  EMF  would  now  be  in  the  opposite 
direction.    A  coil,  therefore,  has  the  ability  to  oppose  any  change  in  current 
flow.    Notice  that  when  current  starts  to  increase  in  the  coil,  an  expanding 
magnetic  field  produces  an  induced  EMF  which  opposes  the  buildup  of  cur- 
rent.   If  the  current  in  the  coil  tends  to  decrease,  (as  shown  below)  the  ex- 
panded field  collapses  and  creates  a  counter  EMF  that  would  try  to  keep 
current  flowing  in  the  coiL  


Mark  the  following  statements  true  (T)  or  false  (F). 

 1.     A  coil  has  the  ability  to  oppose  any  change  in  current  flow. 

2.     The  property  of  a  coil  to  produce  an  induced  EMF  is  called  inductance. 

 3.     A  coil  will  only  oppose  any  change  in  current  flow  when  its  magnetic 

field  is  expanding. 
 4.     Energy  is  stored  in  the  magnetic  field  of  a  coil. 

////// 
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Answers  to  Frame  4:  1.     T     2.     T      3.     F     4.  T 
Frame  5 

When  an  inductor  is  <.cnnee^ed  to  a  source  of  alternating  voltage  to  form  an 
inductive  circuit,  the  current  through  the  inductor  lags  the  voltage  across 
the  inductor.    This  means  that  the  current  does  not  reac'i  its  maximum 
value  until  alter  the  voltage  has  reached  its  maximum  value.    The  current 
lags  the  voltage  in  a  purely  inductive  circuit  by  90  . 

Mark  the  following  statements  true  (T)  or  false  (F). 

 1.     The  current  in  an  inductor  does  not  reach  its  maximum  value  until 

after  the  applied  voltage  has  reached  maximum. 

 2.     In  a  pure  inductive  circuit,  the  current  lags  the  voltage  by  90°. 

////// 
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Answers  to  Frame  5:  1.     T     2.  T 

Frame  6 

^^Suppose  that  current  is  starting  to  flow  through  a  coil.    The  current  causes 
an  expanding  magnetic  field  which  causes  a  back  EMF  to  be  induced  in  the 
coil.    The  polarity  of  the  back  FMF  is  opposite  to  the  polarity  of  the 
applied  voltage  across  the  coil,  and  it,  therefore,  tends  to  oppose  the 
increase  in  current.    The  result  is  that  the  rise  in  current  flow  is  crused  to 
Lag  behind  the  rise  in  voltage. 


APPLIED  VOLTAGE 


CURRENT  LAGS  VOLTAGE  BY  90 


The  illustration  above  shows  that  the  induced  (back)  EMF  is  always  in  opposi- 
tion to  the  applied  voltage,  thereby  causing  current  to  be  minimum  when  the 
applied  voltage  is  at  its  maximum  value.    Notice  that  current  in  the  coil  does 
not  reach  its  maximum  value  until  the  applied  voltage  has  dropped  to  zero. 
You  can  clearly  see  that  there  is  90    difference  between  the  applied  EMF  and 
current  flow  in  the  coil. 

////// 

No  Response  Required. 
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Frame  7 


As  current  increases  through  the  coil,  energy  is  stored  in  the  expanded 
magnetic  field.    When  the  applied  voltage  starts  to  decrease  from  maximum 
positive,  the  stored  energy  is  returned  to  the  circuit  in  the  form  of  current 
flow.    This  current  flow  is  actually  greater  than  the  current  flow  caused  by 
the  applied  EMF  alone. 

When  the  negative  portion  of  the  applied  voltage  occurs,  a  similar  action 
takes  place  a  d  maximum  current  will  flow  in  the  reverse  direction  at  the 
instant  that  tie  voltage  has  decreased  to  zero  from  its  maximum  negative 
direction. 

Mark  the  following  statements  true  (T)  or  false  (F). 

o 

 1.     The  applied  voltage  on  a  coil  causes  an  induced  EMF  that  is  180 

out  of  phase  with  the  applied  voltage. 

2.     The  energy  stored  in  the  magnetic  field  can  cause  a  greater  current 
to  flow  than  the  applied  voltage  does  alone. 

o 

 3.     Current  leads  voltage  by  90    in  an  inductor. 

////// 
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Answers  to  Frame  7:  1.     T     2.     T     3.  F 


Frame  8 


Some  of  the  main  physical  characteristics  of  a  coil  that  determine  the  amount 
of  its  inductance  are: 

1  -    number  of  turns  (loops) 

2  -    spacing  of  the  turns 

3  -    type  of  core 

Let's  first  discuss  the  effect  that  the  number  of  turns  has  on  inductance. 

Assume  that  a  coil  has  a  given  number  of  turns  and  is  carrying  a  definite 
amount  of  alternating  current.    If  some  turns  are  added  to  the  original  turns, 
the  current  flow  through  the  total  number  of  turns  will  create  a  stronger 
magnetic  field.    This  stronger  magnetic  field  will  induce  a  greater  back 
EMF  in  the  original  turns.   In  addition  the  stronger  field  also  cuts  the  added 
turns.    Both  of  these  factors  cause  an  increase  in  inductance.    Look  at  the 
illustration  below  for  a  comparison  of  two  coils  with  different  numbers  of 
turns. 

COIL  "A" 
TWO  TURNS 


Circle  the  letter  of  the  correct  response  to  the  following  statements. 

e  amount  of  current  flow  is  the  same  in  the  coils  above,  coil 
has 

less  inductance  than  coil  "A. 11 
more  inductance  than  coil  "A. 11 
a  weaker  magnetic  field  than  coil  "A.11 
the  same  strength  ma6  letic  field  as  coil  "A." 

inductance  of  a  coil  can  be  increased  by 

decreasing  the  current  flow  through  it. 
increasing  the  current  flow  through  it. 
adding  more  turns, 
decreasing  the  number  of  turns. 

////// 
ii 
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COIL  "B" 
FIVE  TURNS 


If  th( 

"B" 

a. 
b. 
c. 
d. 

The 

a. 
b. 
c. 
d. 
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Frame  7 


As  current  increases  through  the  coil,  energy  is  stored  in  the  expanded 
magnetic  field.   When  the  applied  voltage  starts  to  decrease  from  maximum 
positive,  the  stored  energy  is  returned  to  the  circuit  in  the  form  o£  current 
flow.    This  current  How  is  actually  greater  than  the  current  flow  caused  by 
the  applied  EMF  alone. 

When  the  negative  portion  of  the  applied  voltage  occurs,  a  similar  action 
takes  place  and  maximum  current  will  flow  in  the  reverse  direction  at  the 
instant  that  the  voltage  has  decreased  to  zero  from  its  maximum  negative 
direction. 

Mark  the  following  statements  true  (T)  or  false  (F). 


I.     The  applied  voltage  on  a  coil  causes  an  induced  EMF  that  is  180 
out  of  phase  with  the  applied  voltage. 


2.    The  energy  stored  in  the  magnetic  field  can  cause  a  greater  current 
to  flow  than  the  applied  voltage  does  alone. 

_3.    Current  leads  voltage  by  90°  in  an  inductor. 

illlll 


1178 


10 


9 

ERLC 


Frame  10 
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The  third  main  factor  that  affects  inductance  is  the  type  of  core  being  used. 
The  inductance  of  a  coil  i*  directly  proportional  to  the  permeability  of  the 
core.   (Remember  that  permeability  is  the  ease  with  which  a  material  passes 
magnetic  lines  of  force. }  Typical  nonmagnetic  core  coils  are  those  that  are 
wound  on  hollow  porcelain  cylinders  and  hollow  cardboard  cylinders.  The 
core  material  in  these  coils  is  air.    Magnetic -core  coils  are  wound  oh  cores 
of  soft  iron.    Since  the  soft  i*on  core  is  very  permeable,  it  provides  an  easy 
>ath  for  thq  magnetic  lines  and  allows  a  much  stronger  magnetic  field  to 
build  up.   A  greater  back  EMF  is  induced  in  the  iron  core  coil  as  compared 
to  the  air  core  coils. 

Place  the  letter  of  the  statement  in  Column  A  in  the  appropriate  spaces  of 
Column  B. 


Column  A 


A  -  Increases  inductance 


B  -  Decreases  inductance 


Column  B 

_1.     Removing  the  iron  core  from  a 
coil. 

2.  Using  close -winding  method  rather 
than  space -winding. 

3.  Decreasing  the  number  of  turns 
of  the  coil. 

_4.     Winding  the  turns  farther  apart. 

S.     Winding  the  tu:  as  in  layers. 


Using  a  soft  iron  core  instead  of 
an  air  core. 


////// 
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Answers  to  Frame  10:    1.    B    2.    A    3.B    4.    B    5.    A    6.  A 


Frame  1 1 

Familiarize  yourself  with  the  illustrations  of  various  coils  below.  Sometimes 
the  word  "choke"  is  used  interchangeably  with  the  word  "coil." 


Wxtd  Tuning  Coil 


ANSI 


LAMINATIONS 


AIR  CAP 


Laminated  Jron-cor*  Coif 


RF  Cholct 


RADIO  FREQUENCY  COIL 


AIR  CORE  COIL 


Windings 


Hollow  Card- 
board Cylinder 


COMMON  TYPE  AIR  CORE  COIL 


ERLC 
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Nfd  Response  Required. 
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Frame  12 


Mark  the  following  statements  trve  (T)  or  false  (F). 

 1.     The  left  hand  rule  can  be  used  to  determine  the  direction  of  a  rotating 

magnetic  field  around  a  conductor  if  the  direction  of  current  flow  is 
known. 

 2.     An  inductor  causes  current  to  lag  voltage  by  inducing  a  back  EMF. 

 3.     The  EMF  that  a  coil  induces  within  itself  if  called  mutual  inductance. 

 4.     A  coil  has  the  ability  to  oppose  any  change  in  current  flow  because 

it  produces  an  induced  EMF. 

 5.     The  ability  of  a  coil  to  produce  an  induced  EMF  is  called  capacitance, 

 6.     Inductance  is  measured  in  units  called  henries. 

 7.     In  a  pure  inductive  circuit,  the  current  lags  voltage  by  90°. 

 8.     The  current  in  a  coil  does  not  reach  it*  maximum  value  until  after 

the  applied  EMF  has  reached  maximum. 

 9.     The  amount  of  inductance  of  a  coil  is  determined  by  its  physical 

characteristics  such  as  number  of  turns,  spacing  of  turn,  and  type 
of  core  material. 

 10.     Energy  is  stored  in  the  expanded  magnetic  field  of  a  coil. 

 11.     Coils  having  soft  iron  core^  provide  less  inductance  than  a 

comparable  coil  that  has  a  core  of  air. 

 12.     When  energy  that  is  stored  in  the  magnetic  field  of  a  coil  is  returned 

to  the  circuit,  a  greater  current  is  caused  to  flow  than  can  be 
caused  by  the  applied  EMF  alone. 

////// 
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Answers  to  Frame  12:        I.     T      2.     T      3.     F      4.     T      5.  F 

6.     T      7.     T      8.     T      9.     T    10.  T 
11.     F    12.  T 
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OBJECTIVE 


Identify  components  of  an  AC  motor  when  given  their  purpose 
with  a  minimum  of  80%  accuracy. 


INSTRUCTIONS 

NOTE:  BEFORE  PROCEEDING,  REMOVE  THE  RESPONSE  SHEET  AT  THE  BACK  OF  THIS 
TEXT,    ENTER  YOUR  ANSWERS  ON  THE  REMOVED  RESPONSE  SHEET 

This  programmed  text  presents  information  in  small  steps  called  frames. 
Each  frame  is  followed  by  some  form  of  questioning.    Immediately  after 
reading  each  frame,  you  will  make  the  required  response  in  the  response 
sheet.    DO  NOT  MARK  IN  THE  TEXT.    Check  your  answer  each  time  with  the 
correct  answer  shown  at  the  top  of  each  even  numbered  page.    If  you  have 
made  the  correct  response  go  on  to  the  next  frame.    If  you  have  made  an 
incorrect  response,  reread  the  frame  before  going  on  to  the  next  frame. 
Be  sure  you  understand  the  material  presented  in  each  frame  before 
continuing.    Do  not  hurry! 
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Fr$me  1 


Since  alternating  current  (AC)  is  the  most  widely  used  form  of  power, 
most  modem  motors  operate  from  an  AC  source.    There  are  two  general  types 
of  AC  motors  used  on  aircraft.    They  are  called  synchronous  and  induction 
motors.    Either  type  of  motor  may  use  single  or  multiphase  power.  The 
induction  motor  is  more  often  used  because  of  its  simple  construction 
and  reliability. 

In  the  response  sheet  mark  the  following  statements  (T)  true  or  (F) 
false . 

1.  Two  types  of  AC  motors  are  induction  and  synchronous. 

2.  Induction  type  AC  motors  use  single  phase  power  only. 

3.  The  Induction  motor  is  often  used. 
CHECK  YOUR  RESPONSE  AT  THE  TOP  OF  PAGE  4. 

Frape  2 

For  the  purpose  of  this  text  we  will  be  primarily  concerned  with  the 
two  parts  of  an  AC  motor.    The  pcrts  are  the  ROTOR  and  the  STATOR.  When 
assembled  together  inside  a  case  they  form  an  AC  motor.    It  is  the  action 
of  these  two  parts  that  cause  the  motor  to  operate. 

NO  RESPONSE  REQUIRED 

Frame  3 

The  stator  is  mounted  in  a  fixed  position  inside  the  motor  case.  Although 
the  stator  doesn't  move  its  purpose  in  an  AC  motor  is  to  create  a  rotating 
magnetic  field  for  motor  operation.    The  stator  consists  of  a  laminated  iron 
field  pole  assembly  with  insulated  copper  wire  wound  on  the  field  poles. 
The  Field  pole  assembly  is  installed  in  a  housing.    When  power  is  applied  to 
the  STATOR  windings  the  stator  is  said  to  be  EXCITED. 

In  the  response  sheet  mark  the  following  statements  (T)  true  or  (F)  false. 

1.  The  stator  of  an  AC  motor  does  not  move. 

2.  The  stator  creates  a  rotating  magnetic  field. 

3.  Th  .  stator  consists  of  two  copper  poles  and  an  iron  housing. 
CHECK  YOUR  RESPONSE  AT  THE  TOP  OF  PAGE  4. 
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CORRECT  RESPONSES  TO  FRAME  1:     1.  T,    2.  F,     3.  T. 
CORRECT  RESPONSES  TO  FRAME  2:    None  Required. 
CORRECT  RESPONSES  TO  FRAME  3:     1.  T,    2.  T,    3.  F. 
Frame  4 

The  ROTOR  is  the  portion  of  the  AC  motor  that  turns.    There  are  two 
types  of  rotors  used  in  AC  motors.    They  are  the  SQUIRREL  CAGE  and  the 
WOUND.    The  squirrel  cage  is  more  often  used  in  environmental  systems  work 
so  we  will  confine  our  discussion  to  it.     (See  illustration).    The  squirrel 
cage  rotor  has  two  end  plates  ir.ade  of  soft  iron,  a  good  conducting  material. 
These  plates  are  connected  together  by  iron  rods  (rotor  conductors).  The 
iron  rods  are  imbedded  in  the  end  plates  to  provide  better  conduction  of  the 
magnetic  lines  of  force.    The  rotor  of  an  induction  motor  does  not  have  any 
electrical  connections.    The  rotor  has  current  flowing  through  it.  Current 
flowing  in  the  rotor  is  INDUCED  current  from  the  stator.    The  induced  current 
in  the  rotor  will  create  a  magnetic  field  in  the  rotor.    The  magnetic  field 
in  the  rotor  follows  the  rotating  magnetic  field  of  the  stator. 


LAMINATED 


Fill  in  the  missing  information,  in  the  response  sheet,  for  the 
following  statements. 


1  . 


The  current  flowing  in  the  rotor  is 


riio  rotating  magnetic  field  of  the 
to  turn. 


The  rotor  of  an  induction  motor  doesn't  have 


CHECK  YOUR  RESPONSES  AT  THE  TOP  OF  PAGE  6. 


Frame  5 

Since  induction  motors  used  in  environmental  systems  work  are  primarily 
reversible  type,  a  brake  assembly  is  sometimes  used.    The  brake  is  designed 
to  prevent  overtravel  (coasting)  of  a  motor  after  current  has  been  turned  off. 
The  brake  is  spring  loaded  ON  and  electrically  disengaged.    The  illustration 
shows  one  type  of  brake  with  the  rotor  and  stator.    The  unit  uses  the  magnetic 
field  of  the  rotor  to  disengage  the  brake.    When  power  is  applied  the  brake 
disengages  and  the  motor  turns.    When  power  is  stopped  the  spring  pushes  the 
brake  against  the  brake  disc  stopping  the  motor.    On  AC  motors  that  do  not 
use  a  brake,  a  limit  switch  that  you  studied  in  the  text  on  DC  motors  is  used. 


BRAKE 

DISC 


BRAKE 


BRAKE 
SPRING 


STATOR 


BRAKE  LININGS 


ROTOR 


In  the  response  sheet  mark  the  following  statements  (T)  true  or  (F)  false. 

1.  Most  AC  motors  used  in  environmental  systems  work  are  reversible. 

2.  The  brake  is  spring  loaded  ON  and  electrically  disengaged. 

3.  Some  AC  motors  use  limit  switches  to  prevent  overtravel. 

CHECK  YOUR  RESPONSES  AT  THE  TOP  OF  PAGE  6. 
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CORRECT  RESPONSES  TO  FRAME  4: 

CORRECT  RESPONSES  TO  FRAME  5: 
Frame  6 


1 .  induced ,  2 .  s tator ,  rotor , 
3.    electrical  connections. 

1.  T,    2.  T,    3.  T. 


To  understand  how  an  AC  motor  operates,  an  understanding  of  AC  phase 
relationships  is  necessary.    The  illustration  shows  the  sine  waves  for 
single,  two-  and  three-phase  power.    Figure  A  shows  the  sine  wave  for 
single-phase  power,  you  studied  in  an  earlier  text.    Figure  B  shows  the 
sine  wave  for  two-phase  AC  power.    Phase  1  is  indicated  by  the  white  sine 
wave  and  phase  2  by  the  black  sine  wave.    Phases  1  and  2  are  two  independent 
power  supplies  coming  from  the  same  source.    These  power  supplies  are  90 
degrees  out-of -phase.    This  means  that  by  moving  90  degrees  from  the  zero 
reference  point  phase  1  is  at  maximum  value.    At  the  same  time  phase  2  is 
at  zero.    Move  90  degrees  further  to  the  180  degree  point,  phase  2  is  at 
maximum.    Phase  1  has  dropped  to  zero.    The  phase  changes  occur  in  much 
the  same  manner  in  figure  C  except  the  three-phase  power  is  120  degrees 
out-of-phase.    A  study  of  the  sine  waves  will  show  that  each  of  the  phases 
shown  in  figures  B  and  C  are  at  a  different  value  at  the  same  point  in  time. 
Because  of  this,  each  phase  can  be  connected  to  different  sets  of  poles  in 
an  AC  motor  to  create  a  rotating  magnetic  field. 

A 


9 


W       ttO"      tTO»  W 


PHASE  I 

C3 


PHASE.  2 


in  tlw*  ti'spo       sheet  mark  the  following  statements  <T)  tr  a 

I.      I'luve-phase  power  has  three  independent  pwer  v.ppllfe-. 
common  source. 

Two-phase  power  is  90  degrees  out-of-phase. 

CHECK  YOUR  RESPONSES  AT  THE  TOP  OF  PAOF!  8. 
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Frame  7 

The  stator  is  excited  by  applying  AC  power  to  the  windings  around 
the  stator  poles.    This  will  establish  a  rotating  magnetic  field  for  motor 
operation.    The  magnetic  field  moves  from  pole  piece  to  pole  piece  as  the 
applied  AC  power  changes  value.    The  illustration  shows  the  rotating  magnetic 
field  of  a  2 -phase  AC  motor.    Phase  1  is  connected  to  the  poles  marked  A  and 
A1.    Phase  2  is  connected  to  the  poles  marked  B  and  B1.    The  position  of  the 
magnetic  field  in  relation  to  applied  current  values  can  be  seen  by  comparing 
the  sine  waves  in  figure  A  with  figures  B,  C  and  D.    At  point  B  of  figure  A 
phase  1  is  at  maximum  value.    At  the  same  time  phase  2  is  at  zero.  The 
magnetic  field  will  be  as  shown  in  figure  B.    Current  flow  will  be  in  the 
direction  as  shown  by  the  black  arrow.    At  point  C  both  phase  1  and  2  are 
NEAR  maximum  and  the  magnetic  field  moves  clockwise.    Indicated  by  the 
black  arrow  in  the  center  of  figure  C.    With  current  at  the  values  of 
point  D  the  magnetic  field  is  as  you  see  it  in  figure  D. 


POINT— •     C  0 

I  ;      I       I  PHASE  Z 


Fill  in  the  missing  information  in  the  responv-  hln:M   lor  Khfz  following 
statements • 


1.      At  point  D  of  figure  A  phase  1  is  at 


and  phase  2  is 


2.  The  stator  is  excited  by  applying  AC  power  to  the 
around  the  .  ~ 

3.  Phase  2  is  connected  to  the  poles  marked           and   . 

4.  The  magnetic  field  moves  in  a    direction. 
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CHECK  YOUR  RESPONSES  AT  THE  TOP  OF  PAGE  8. 
7 

1189 


CORRECT  RESPONSES  TO  FRAME  6:      1.  T,    2.  T. 


CORRECT  RESPONSES  TO  FRAME  7:      1.  zero  maximum,    2.  Windings  ,  stator  poles . 

3-  B"B>  >    4.  clockwise. 


Frame  8 


Current  flow  is  induced  into  the  rotor  by  the  magnetic  field  of  the 
stator.    You  must  know  the  direction  of  the  induced  current  to  determine 
which  direction  torque  is  applied  to  the  rotor.    The  direction  of  induced 
current  can  be  found  IF  the  direction  of  conductor  motion  and  the  direction 
of  the  magnetic  field  are  known.    This  is  done  by  using  the  LEFT  HAND 
GENERATOR  RULE.    The  rule  states  "using  your  left  hand,  extend  your  thunfc, 
index  and  middle  fingers  at  right  angles  to  one  another.    (See  illustration). 
Position  vour  hand  with  the  thumb  pointing  in  the  direction  of  conductor 
motion.    Point  the  index  finger  in  the  direction  of  magnetic  lines  of  force 
(north  to  south) .    Your  middle  finger  will  point  in  the  direction  of  induced 
current  flow. 


In  the  response  sheet  mark  the  following  statements  (T)  true  or  (F)  false 

I.      I'lu*  left  hand  generator  rule  will  give  you  the  direction  of 
conductor  Mini  Ion. 

?.      Currcnl    Mow  Is   Induced  Into  the  rotor. 

i.      Tin*  dlrcrilon  til    Induced  current  can  be  found  bv  using  the  left 

li.lllil   gi'tir  I  »il  nl    I'll  I  c  . 

chuck  yoiii:  kkspunsks  at  tiik  ror  or  pack  io. 


liao 


Frame  9 


The  illustration  shows  you  hew  current  is  induced  into  the  rotor. 
The  figures  A,  Bt  and  C  show  the  CONDUCTORS  of  the  rotor  between  the  north 
and  south  poles  of  the  stator.    The  magnetic  field  of  the  stator  is  rotating 
counterclockwise .    Remember  the  stator  does  notmove,  the  magnetic  field  moves. 
Motion  of  the  rotor  conductor  RELATIVE  to  the  stator  field  is  CLOCKWISE 
(figure  A)  .    Use  the  left  hand  rule.    The  conductors  on  the  LEFT  are  moving 
UP  relative  to  the  stator  field.    Point  the  thumb  of  your  left  hand  toward 
the  top  of  the  page.    Point  the  index  finger  in  the  direction  of  the  stator 
field  (north  to  south)  .    Your  middle  finger  will  show  that  current  flow  in  the 
LEFT  conductors  is  toward  you.    Motion  of  the  RIGHT  conductors  is  toward  the 
BOTTOM  of  the  page.    Point  your  left  thumb  toward  the  bo#ttom  of  the  page 
with  the  index  finger  pointing  from  north  to  south  on  the  stator  field. 
Your  middle  finger  will  show  current  flow  into  the  page.    Current  flow  in 
the  rotor  will  cause  the  stator  field  to  move  as  shown  in  figure  C.  Because 
the  rotating  magnetic  field  and  torque  are  in  the  same  direction  the  rotor 
will  follow  the  rotating  magnetic  field  of  the  stator. 


In  the  response  sheet  mark  each  statement  either  (T)  true  or  (F)  false. 

1.  In  figure  A  relative  conductor  motion  is  clockwise  because  the 
magnetic  field  is  moving  counterclockwise. 

2.  Torque  is  in  the  same  direction  as  the  rotating  magnetic  field. 

3.  Using  the  left  hand  generator  rule  the  thumb  is  pointed  in  the 
direction  of  conductor  motion. 

4.  The  stator  conductors  turn  between  the  poles  of  the  rotor. 


C 


CONDUCTOR  MOTION 


CHECK  YOUR  RESPONSES  AT  THE  TOP  OF  PAGE  10. 
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CORRECT  RESPONSES  TO  FRAME  8:      1.  T,    2.  T,    3.  T. 

CORRECT  RESPONSES  TO  FRAME  9:      1.  T,    2.  T,    3.  T,    4.  F. 
Frame  10 

For  induct!  on  to  take  p  I  nee  the  rotati      magnetic  field  must  move  faster 
th  an  the  rotor .    Th Ls  i s  because  the  magnetic  field  of  the  stator  must  pass 
through  the  rotor  conductors  to  induce  current.    IF  the  rotor  was  turning  at 
the  same  speed  as  the  stator  field  the  conductors  nd  lines  of  force  would 
be  aligned  and  no  induction  could  take  place.    The  magnetic  field  of  the 
stator  always  sweeps  through  the  rotor  conductors  slightly  faster  than  rotor 
speed.    This  induces  current  into  the  rotor  which  in  turn  develops  torque • 
The  difference  between  the  speed  of  the  rotating  magnetic  field  and  the 
speed  of  the  rotor  is  called  SLIP . 

Fill  in  the  missing  information  in  the  response  sheet  for  the  following 
statements . 

1.  The  magnetic  field  of  the  stator  must  move    than 

rotor  speed. 

2.  Inducing  current  into  the  rotor  produces  ^  . 


3.  Difference  between  the  speed  of  the  stator  field  and  rotor  speed 
is  called   . 

4.  Inducing  current  into  the  rotor  the  stator  field  must  turn   

than  the 


CHECK  YOUR  RESPONSES  AT  THE  TOP  OF  PAGE  12. 


Frame  11 
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It  was  stated  in  earlier  frames  that  AC  induction  motors  may  operate 
on  single  two-  or  three-phase  power.    Two-  and  three-phase  motors  have  a 
rotating  magnetic  field,  because  the  phases  are  connected  to  different  sets 
of  stator  poles.    Remember,  each  phase  is  an  independent  power  source.  The 
two-phase  motor  has  power  90  degrees  out-of-phase.    The  three-phase  motor 
has  power  120  degrees  out-of-phase.    What  about  single-phase  motors?  There 
is  no  phase  difference  with  single-phase  power.    A  motor  which  operates  on 
single-phase  power  is  not  self  starting.    It  DOES  NOT  have  a  rotating 
magnetic  field.    Operation  of  a  single-phase  motor  is  accomplished  by 
connecting  the  internal  wiring  of  the  motor  in  different  ways.    How  this 
is  done  will  be  discussed  in  the  following  frames. 

In  the  response  sheet  mark  the  following  statements  (T)  true  or  (F)  false, 

1.  A  single-phase  motor  is  not  self  starting. 

2.  The  phases  of  two-phase  power  are  90  degrees  apart. 

3.  Single-phase  power  is  phased  120  degrees  apart. 

4.  Operation  of  a  single-phase  motor  is  by  connecting  the  wiring  of 
the  motor  in  different  ways. 

CHECK  YOUR  RESPONSES  AT  THE  TOP  OF  PAGE  12. 
10 
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1 . 

kolor 

A. 

2. 

Stator 

11. 

3. 

Single-phase  motor 

C. 

4. 

Slip 

0. 

5. 

Torque 

E. 

•  Review  Frame  12 

Match  the  items  listed  in  column  A  with  those  listed  in  column  B. 
Mark  your  answer  in  the  response  sheet. 

Column  A  Column  B 

II;ih  no  rotating  magnetic  field. 
Was  AC  power  applied, 
Has  AC  power  induced. 
Difference  in  rotor  and  stator  speed. 
Is  applied  to  the  jLOtor. 

CHECK  YOUR  RESPONSES  AT  THE  TOP  OF  PAGE  12. 

Frame  13 

As  stated  in  ti«uic  11  a  motor  which  operates  on  ali  le-phase  power 
is  not  self  starting.    Because  of  chie  a  single-phase  motor       designed  to 
operate  like  a  two-phase  motor.    This  is  accomplished  by  co     xting  an  auxiliary 
(starting)  winding  in  parallel  with  the  main  (running)  wind.  g.    Lo-k  at  the 
illustration.    The  main  winding  is  labeled  A  and  Ax,  the  auxiliary  winding  is 
labeled  B  and  Bl.    Lotted  lines  identify  the  auxiliary  winding.    Notice  the 
centrifugal  switch  located  in  the  motor  starting  circuit. .    A  motor  with  this 
type  of  connection  is  called  a  split-phase  motor.    The  auxiliary  winding  may  be 
conne:ted  permanently  or  disconnected  by  the  centrifugal  switch,  after  the  motor 
has  started  running.    As  stated  in  previous  frames  an  out-of-phase  condition  is 
required  tc  produce  a  rotating  magnetic  field.    In  a  split-phase  motor  the  out- 
of-phase  condition  is  obtained  in  several  ways.    In  the  illustration  the  out-of- 
phase  condition  is  obtained  by  placing  high  resistance  in  the  auxiliary  (starting) 
winding  and  high  inductance  in  the  main  (ruining)  winding    While  the  mo '.or  is 
starting  both  windings  will  have  current  flow.    The  centrifugal  switch  will  dis- 
co— oCt  the  auxiliary  winding  at  approximately  75%  of  motor  speed.    After  the 
ir      -  has  started  the  force  of  the  turning  rotor  will  maintain  motor  operation. 


I'M  I   in  Hi  -  missing  Information  for  the  following  statements  in  the 

I.      Hi.-  auxiliary  winding  may  be  disconnected  by  a 
llu1  .mx(l(arv  winding  may  also  be  called  a 
1  w  main  winding  is  sometimes  cal'ad  the 
A  motor  connected  in  parallel  is  called  a 
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  winding, 

_  winding, 


CHECK  YOUR  RESPONSES  AT  THE  TOP  OF  PAGE  12. 
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motor, 


BEST  COPY  AVAILABLE  Jl93 


CORRECT  RESPONSES  TO  FRAME  10: 

CORRECT  RESPONSES  TO  FRAME  11; 

CORRECT  RESPONSES  TO  FRAME  12: 

CORRECT  RESPONSES  TO  FRAME  13: 

Frame  14 


1.  faster,      2.  torque,      3.  slip, 
rotor. 

1.  T,    2.  T,    3.  F,    4.  T. 

1.  C,  2.  B,    3.  A,    4.  D,    5.  E. 

1.  centrifugal  switch,  2.  starting, 
3.  running ,    4,  split  phase. 


faster , 


In  our  discussion  of  AC  motors,  the  rotor  is  moved  by  two  forces.  The 
force  of  the  rotating  magnetic  field  (frame  7)  and  the  torqueing  action  as 
the  magnetic  field  around  the  rotor  conductors  act  on  the  stator  field 
(frame  9)  .    At  this  point  we  will  discuss  a  THIRD  force  which  will  make  the 
rotor  turn.    As  stated  earlier  when  the  rotor  turns  it  has  current  induced 
into  it.    This  will  cause  the  entire  rotor  t-o  be  magnetized.    The  magnetic 
field  of  the  rotor  will  be  in  a  position  that  will  cause  the  rotor  field  to 
be  attracted  to  the  stator  field.    The  illustration  shows  the  magnetic  field 
of  the  rotor  with  the  south  pole  at  the  top  and  north  at  the  bottom.  The 
south  pole  of  the  rotor  will  be  drawn  to  the  north  pole  of  the  stator.  The 
north  pole  of  the  rotor  is  pulled  toward  the  south  pole  of  the  stator.  The 
magnetic  field  of  the  rotor  always  remains  in  a  fixed  position.    The  rotor 
anc^  stator  poles  will  never  become  aligned.    Although  the  poles  will  never 
align  themselves  the  force  which  will  cause  them  to  try  is  present  in  the  rotor. 


Mark  the  following  statements  (T)  true  or  (F)  false  in  the  response  sheet. 

1.  The  rotor  of  AC  motor  will  be  magnetized. 

2.  The  rotor  field  will  be  aligned  with  the  stator  field. 

3.  The  rotor  is  acted  upon  by  three  forces. 

CHECK  YOUR  RESPONSES  AT  THE  TO*  ';F  .''AM.  K. 
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SESjT  COPY  AVAILABLE 


Frame  15 


A  motor  with  a  resistance  in  the  starting  winding  doesn't  have  a  high 
starting  torque.    This  is  because  the  resistance  does  not  create  a  very 
large  phase  difference  between  the  current  flow  in  the  starting  winding 
and  current  flow  in  the  running  winding.    Where  a  higher  starting  torque 
is  needed,  a  motor  with  a  capacitor  wired  in  the  starting  circuit  is  often 
used  (figure  B)  .    This  circuit  arrangement  will  cause  the  current  in  the 
starting  winding  to  lead  the  current  in  the  running  winding  (figure  A) . 
As  a  result  a  two-phase  EFFECT  is  achieved.    There  is  more  of  a  difference 
between  the  phases  in  this  type  -of  motor  than  one  with  resistance  in  the 
starting  windings.    Because  of  the  phase  difference  a  higher  torque  will 
result. 


45#     90*     »33»    110°    225*  315*  360» 


MAIN  WINDING 


AUK  WINDING 


MMftfNCf  UN! 


(PHASE 
INPUT 


Fill  in  the  missing  information  for  the  following  statements  in  the 
response  sheet. 

1.  More  starting  torque  is  obtained  by  connecting  a   

in  the  starting  winding. 

2.  A  capacitor  is  connected  in  the  motor  to  achieve  higher   

3.  In  a  split-phase  AC  motor  a  phase  effect  is  obtained. 

CHECK  YOUR  RESPONSES  AT  THE  TOP  OF  PAGE  14. 
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CORRECT  RESPONSE  TO  FRAME  14:      1.    Tt      2.    F,      3.  T. 


CORRECT  RESPONSE  TO  FRAME  15:      1.    capacitor .  2. 

3.  two. 


starting  torque, 


Frame  16 


The  AC  motor  most  often  used  In  environmental  systems  is  the  reversible 
AC  motor.    Reversible  single-phase  motors  will  be  equipped  with  two  stator 
windings.    Supplying  power  to  one  winding  will  cause  the  motor  to  turn 
clockwise.    Applying  power  to  the  other  winding  will  turn  the  motor  counter- 
clockwise.   In  the  reversible  type  motor  the  centrifugal  switch  is  not  used 
and  the  starting  and  running  windings  are  permanently  connected. 

Mark  the   Allowing  statements  (T)  true  or  (F)  false  in  the  response  sheet* 

1.  A  reversible  single-phase  AC  motor  is  equipped  with  two  stator 
windings . 

2.  A  reversible  AC  motor  uses  two  centrifugal  switches. 


CHECK  YOUR  RESPONSES  AT  THE  TOP  OF  PAGE  16. 
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Frame  17 


In  places  where  high  starting  torque  and  relatively  quiet  operation 
Is  needed  a  three-phase  motor  is  used.    The  rotating  magnetic  field  of  a 
three-phase  motor  creates  a  more  constant  torque  than  the  fields  of  split 
and  two-phase  motors.    This  is  because  more  motor  poles  are  receiving 
power  at  a  given  time.    Other  than  that  the  operation  of  a  three-phase 
motor  is  very  much  like  a  two-phase  motor.    The  illustration  will  show 
you  how  a  three-phase  motor  is  connected  electrically.    Notice  that  there 
are  three  separate  paths  for  current  flow  to  three  sets  of  motor  poles. 


NO  RESPONSE  REQUIRED 
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CORRECT  RESPONSES  TO  FRAME  16:      1.  T,     2.  F. 
CORRECT  RESPONSES  TO  FRAME  17:      None  Required, 
Frame  18 

The  illustration  shows  the  rotating  magnetic  Held  of  a  throe-phase 
AC  motor.    Figure  6  of  t"  ustration  shows  phase  A  connected  to  poles  A 

and  Al,  phase  B  to  poles      _u  Bl,  and  phase  C  to  poles  C  and  CI.  Using 
figure  1  as  a  guide  and  comparing  it  to  figures  2  through  5  the  figures 
will  show  how  a  rotating  magnetic  field  is  achieved.    Point  2  of  figure  1 
shows  phases  A  and  B  at  near  maximum  value  while  phase  C  is  at  zero.  The 
magnetic  lines  of  force  are  as  shown  in  figure  2.    The  rotating  magnetic 
field  will  be  moving  counterclockwise.    Now  move  down  the  time  line 
(figure  1)  to  point  3.    At  point  3,  phase  A  is  at  zero  and  phases  B  and  C 
are  near  maximum.    This  will  cause  the  magnetic  field  to  rotate  counter- 
clockwise to  the  position  shown  in  figure  3.    Compare  points  4  and  5 
(figure  1)  and  figures  4  and  5  and  notice  how  the  field  continues  to 
rotate  counterclockwise.    A  check  of  points  2  and  5  (figure  1)  and 
figures  2  and  5  will  show  that  both  current  and  the  magnetic  poles  of 
the  motor  have  changed  polarity.    Point  6  is  the  place  where  the  motor 
will  complete  360  degrees  rotation.    The  current  values  of  point  6  are  the 
same  as  they  were  at  point  2. 


Mark  the  following  statements  (T)  true  or  (F)  false  in  the  response 
sheet. 

1.  The  current  values  at  points  two  and  six  of  figure  1  are  the  same. 

2.  The  magnetic  poles  of  the  motor  will  change  polarity  as  the  current 
changes  polarity. 

3.  From  point  two  to  point  six  the  motor  makes  one  complete  turn. 


CHECK  YOUR  RESPONSES  AT  THE  TOP  OF  PAGE  18. 
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Figure  1. 


Figure  2. 


Figure  3. 


Figure  5. 
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Figure  6. 
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CORRECT  RESPONSE  TO  FRAME  18:      1.  T,      2.  T,      3.  T. 


Frame  19 

A  single-phase  motor  is  reversed  by    sing  two  stator  windings. 
Reversing  a  three-phase  motor  is  done  differently.    The  direction  of 
rotation  of  a  three-phase  motor  is  reversed  by  reversing  the  connections 
on  any  two  of  the  three  phases*    The  illustration  shows  you  two  AC  motors. 
These  two  motors  will  turn  in  opposite  directions  because  A  and  B  phases 
have  been  reversed  on  the  right  hand  motor.    Reversing  che  phases  will 
reverse  the  direction  of  the  rotating  magnetic  field  and  also  motor 
direction.    Reversing  a  three-phase  motor  is  done  using  a  relay  circuit 
which  you  will  study  in  your  next  text. 


Fill  in  the  missing  information  for  the  following  statements  in  the 
response  sheet. 

1.      Reversing  two  phases  of  a  three-phase  motor  will  change  the 
direction  of  the  field. 


2.      Reversing  a  three-phase  motor  can  be  done  using  a 
circuit. 


CHECK  YOUR  RESPONSES  AT  THE  TOP  OF  PAGE  20. 


1200 

18 


Frame  20 


The  rotor  of  an  induction  motor  turns  at  a  slower  speed  than  the 
rotating  magnetic  field  of  the  stator.    The  difference  in  speed  is  called 
SLIP.    Slip  is  necessary  in  an  induction  type  motor  because  if  the  rotor 
turned  at  the  same  speed  as  the  rotating  magnetic  field  no  current  would 
be  induced.    The  speed  of  the  rotating  magnetic  field  is  called  SYNCHRONOUS 
SPEED.    An  AC  motor  which  is  designed  to  turn  at  the  same  speed  as  the 
rotating  field  of  the  stator  is  called  a  synchronous  motor.    A  syrchronous 
motor  is  used  where  exact  speed  regulation  is  necessary.    The  ROTOR  of  a 
synchronous  motor  is  made  of  permanent  magnets  or  is  magnetized  from  an  outside 
DC  power  source.    Because  the  north  and  south  poles  of  the  rotor  do  not  change 
the  rotor  will  turn  at  synchronous  speed.    The  speed  of  a  synchronous  motor 
is  proportional  to  the  AC  frequency.    The  motor  can  be  used  to  drive  precision 
units  if  frequency  is  closely  adjusted. 


Mark  the  following  statements  (T)  true  or  (F)  false  in  the  response 
sheet. 

1.  The  difference  between  the  speed  of  the  rotor  and  the  speed  of 
the  rotating  magnetic  field  is  called  SLIP. 

2.  The  rotor  of  a  synchronous  motor  can  be  made  of  permanent  magnets. 

3.  The  speed  of  the  rotating  magnetic  field  is  called  induction. 

CHECK  YOUR  RESPONSES  AT  THE  TOP  OF  PAGE  20. 
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CORRECT  RESPONSES  TO  FRAME  19:      1.     rotating  magnet,    2.  relay. 


CORRECT  RESPONSES  TO  FRAME  20:      1.    T,      2.    T,      3.  F. 
CORRECT  RESPONSES  TO  FRAME  21:      None  Required. 

Frame  21 

The  illustration  will  show  you  how  several  different  types  of  AC  motors 
will  appear  on  a  wiring  diagram.    Figure  A  shows  a  reversible  single-phase 
motor.    Figure  B  is  a  two-phase  motor.    The  two  figures  marked  C  and  D  are 
two  methods  of  wiring  a  three-phase  motor.    The  three-phase  motor  is  generally 
equipped  with  a  ground  wire  to  prevent  electrical  shocfcs  but  it  is  not 
necessary  for  motor  operation. 

NO  RESPONSE  REQUIRED 


END  OF  TEXT 
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AC  MOTORS  AND  CONTROL  CIRCUITS  WIRING  DIAGRAM 


OBJECTIVES 

Using  an  electrical  diagram,   specify    a  minimum  of  8  out  of  10 
circuit  malfunctions,  when  given  the  cause  and  circuit  conditions. 

EQUIPMENT 

Colored  Pencil  Set 

PROCEDURE 

Pay  close  attention  to  all  directions  that  you  are  given  in  the 
workbook.    When  performing  in  the  workbook,  such  as  tracing  or 
solving  problems,  if  your  response  is  incorrect ,  restudy  the  informa- 
tion.   At  the  end  of  this  workbook,  you  will  have  a  progress  check 
which  will  be  graded  by  your  instructor.     If  you  are  ready  to  begin 
and  have  no  questions,  proceed  with  the  lesson. 

In  this  section  you  will  become  familiar  with  an  AC  circuit 
as  shown  in  figure  1,  page  24    in  Part  3  of  this  workbook.     It  is 
designed  to  operate  and  reverse  the  operati      of  single  phase  and 
three  phase  motors.    You  will  learn  this  by  tracing  the  individual 
circuits  which  make  up  the  entire  ciicuit.    Let  us  begin  by  dis- 
cussing the  system's  switches. 

The  three  (3)  switches  in  the  circuit  which  control  the  body 
crossover  manifold  valve  and  strut  #3  bleed  valve  are  the  manifold 
valve  switch,  master  switch  and  bleed  selector  switch.    The  two  (2) 
switches  in  the  circuit  which  control  the  open  and  close  control 
relays,  used  to  control  the  modulating  valve,  are  the  master  switch 
and  the  manual  switch.    You  will  use  this  workbook,  Parts  1,  2,  and 
3,  to  complete  the  lesson  objectives 

Part  1  consists  of  instructions  and  confirmations.    Part  2 
consists  of  figures.  Begin  with  Exercise  1. 

Note:    You  may  remove  Part  3  from  Part  2  for  ease  of  tracing 
if  you  so  desire. 
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PART  1 


Exercise  1 
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In  this  exercise,  we  will  trace  power  to  the  manifold  valve 
switch.    You  will  use  a  red  pencil  and  figure  1  in  Part  3  of  this 
workbook. 

1.  Trace  from  Point  A  on  the  118-205V,  three  phase,  400  Hertz 
AC  bus  bar,  to  the  junction  point  of  wires  H200A20  and  H400A20. 
Keep  in  mind  that  both  wires  use  the  same  circuit  breaker.    For  the 
time  being  we  will  trace  only  H200A20. 

2.  Trace  up  wire  H200A20  to  the  manifold  valve  switch-pole  A 
and  the  jumper  wires  to  poles  B  and  C.    You  have  now  applied  power 
up  to  the  manifold  valve  switch. 

3.  Turn  to  page  14  in  Part  2  for  confirmation.    If  you  have 
traced  this  correctly,  transfer  what  you  have  traced  to  foldout  1 
in  Part  3  of  this  workbook. 


In  this  exercise,  we  will  t  race  the  manifold  valve  switch  in 
the  open  position.  You  will  use  a  dark  green  pencil  and  figure  1 
in  Part  3  of  this  workbook. 

1.  Draw  the  manifold  valve  switch  to  the  open  position,  by 
moving  the  armature  of  the  switch  down  to  Points  2  and  4.  Notice 
the  broken  line  between  the  two  contacts.    This  indicates  that  the 
armatures  are  joined  together  by  a  single  switch.    If  one  armature 
moves,  the  other  moves,  in  tho  same  direction  at  the  same  time. 
This  allows  us  to  control  two  or  more  paths  of  current  flow  with  a 
single  switch. 

2.  Trace  from  Point  2,  across  wire  H220A20  to  Point  1  on  the 
bleed  ^elector  switch. 

3.  Trace  along  wire  H220B20  to  pin  B  of  the  body  crossover 
manifold  valve  connector  plug.    Remember  this  is  a  single  phase  AC 
motor.    It  has  a  capacitor  start  winding.    In  order  to  apply  power 
to  the  motor  correctly,  we  must  trace  it  in  the  following  manner. 

4.  Trace  from  pin  B  of  the  body  crossover  manifold  valve 
connector  plug,  to  the  microswitch  (open).    Draw  the  microswitch 
closed.  ' 

5.  Trace  from  the  microswitch  up  to  che  capacitor. 

6.  Trace  through  and  to  the  other  side  of  the  capacitor.  You 
ha"e  now  applied  power  to  both  windings. 

7.  Trace  through  both  windings  and  out  to  Pin  C  of  the  valve. 
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8.  Trace  from  Pin  C  down  wires  H310B20N,  H310D20N  and  along 
H310E20N  and  on  out  to  ground  on  the  bus  bar. 

9.  Go  back  to  Point  4  of  the  manifold  valve  switch.  Trace 
from  this  point  along  wire  H240A20  to  Point  4  of  the  bleed  selector 
switch. 

10.  Trace  from  the  bleed  selector  switch  to  Pin  B  of  the 
strut  //3  bleed  valve  connector  plug. 

11.  Remember  this  is  a  single  phase  motor.    You  must  trace 
it  in  the  same  manner  as  you  did  the  body  crossover  manifold  valve. 
Trace  the  capacitor  and  the  windings  and  on  out  Pin  C. 

12.  Trace  from  Pin  C  on  out  to  ground  at  the  bus  bar.  You 
will  notice  that  wire  H310D20N  and  H310E20N  ground  wires  are  shared  * 
by  both  single  phase  AC  valves. 

13.  The  body  crossover  manifold  and  strut  #3  bleed  valve  are 
now  open.    Also,  notice,  with  the  manifold  valve  switch  in  the  open 
position,  the  master  switch  and  bleed  selector  have  been  bypassed. 
Turn  to  page  15  in  Part  2  of  this  workbook  for  confirmation.  If 
you  have  traced  this  correctly,  transfer  what  you  have  traced  to 
foldout  1  in  Part  3. 

Exercise  3 

Now  we  will  look  at  the  manifold  valve  switch  in  the  closed 
position.    You  will  use  a  dark  blue  pencil  and  figure  2  in  Part  3 
of  this  workbook. 

1.  Draw  the  manifold  valve  switch  armature(s)  to  the  closed 
posit ion. 

2.  Trace  from  Point  1  to  pole  A  and  stop. 

3.  Trace  from  Point  3  to  pole  B  and  stop. 

4.  With  the  manifold  valve  switch  in  the  closed  position, 
power  is  supplied  to  the  master  switch.    This  switch  has  two 
positions,  RAM  or  up  position  and  PRESSURE  or  down  position.  This 
switch  is  also  made,  so  that  if  one  armature  moves,  all  three 
armatures  move. 

5.  Trace  the  master  switch  in  the  RAM  position  as  shown. 

6.  Trace  from  pole  A  to  Points  1  and  2,  and  then  over  to 
Point  3  of  the  bleed  selector  switch. 

7.  Trace  down  and  over  to  Pin  A  of  the  strut  //3  bleed  valve 
connector  plug. 
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8.  Trace  through  the  microswitch  (closed),  windings,  capacitor 
and  on  out  Pin  C  of  the  valve. 

9.  Trace  from  Pin  C  to  the  ground  on  the  bus  bar.    This  valve 
will  now  close. 

10.  Trace  from  pole  B  of  the  master  switch  to  Points  5  and  c 
of  the  master  switch. 

11.  Trace  1        Point  6  of  the  master  switch  to  Point  2  of  the 
bleed  selector  vitch. 

12.  Trace  from  Point  2  of  the  bleed  selector  switch  to  Pin  A 
of  tne  body  crossover  mangold  valve. 

13 *  Trace  through  the  valve,  in  u*<2  same  manner  as  you  d„d  the 
strut  #3  bleed  valve,  to  Pin  C  of  the  body  crossover  manifold  valve. 

14.  Trace  from  Pin  C  to  ground  on  the  bus  bar.    You  will 
notice  the  H310D20N  and  H310E20N  are  a^cin  shared  by  both  valves. 

15.  This  valve  is  now  closed.     Remember,  with  the  manifold 
valve  switch  in  the  closed  position,  the  master  switch  in  the  RAM 
position,  the  bleed  selector  switch  has  been  bypassed. 

16.  Turn  to  page  16  for  confirmation  ii  Part  2. 

17.  If  you  have  traced  this  exercise  correctly „  transfer  what 
you  have  traced  to  foldout  1  in  Part  3  of  this  workbook. 

Exercise  4 

Let  us  see  what  will  happen  with  the  master  switch  in  the 
PRESSURE  position.     You  will  use  an  orange  pencil  and  figure  3  in 
Part  3  of  this  workbook. 

1.  Draw  the  manifold  valve  switch  to  the  closed  position. 

2.  Draw  the  armature  of  the  master  switch  to  the  PRESSURE 
(down)  position. 

3.  Tra^e  from  ^oint  1  of  the  manifold  valvt  switch  to  thp 
master  switch  pole  A. 

4.  Trace  through  the  master  switch  to  the  bleed  selectoi 
switch. 

5.  Trace  through  tlie  bleed  selector  switch  to  Pin  B  oi  the 
body  crossover  manifold  valve. 

6.  Trace  th"         the  valve  and  windings  to  Pin  C  of  the  valve. 


7.      Trace  from  Pin  C  to  ground  on  the  bus  bar. 

3.      Go  back  to  Point  3  of  the  manifold  valve  switch  and  trace 
from  there  to  the  mas^r  switch. 

9.      Trace  from  .he  master  switch  to  the  bleed  selector  switch. 

10.  Trace  through  the  bleed  selector  switch  to  Pin  A  of  the 
strut  #3  bleed  valve. 

11.  Trace  through  the  valve  and  windings,  and  out  to  ground 
on  the  bus  bar.  « 

12.  You  can  see,  with  the  master  switch  in  the  PRESSURE 
position,  power  is  always  applied  to  the  close  side  of  the  strut  #3 
bleed  valve,  to  insure  that  the  valve  stays  closed. 

13.  Turn  to  page  17  for  confirmation  in  Part  2. 

14.  If  you  have  traced  this  exercise  correctly,  transfer 
what  you  have  traced  to  foldout  1  in  Part  3  of  this  workbook. 

Exe  rcise  5 

The  bleed  selectoi  owitch  in  figure  4  in  Part  3  of  this  workbook 
is  shown  in  the  normal  position.    Let  us  see  what  will  happen  when 
you  place  tue  bleed  selector  switch  in  the  alternate  position.  You 
will  use  a  light  blue  pencil  and  figure  4  in  Part  3  of  this  workbook. 


1. 

Trace 

2. 

Trace 

3. 

Trace 

4. 

Trace 

master 

switch. 

5. 

Trace 

6. 

Trace 

body  crossover  n 

7. 

Trace 

of  the 

valve. 

8. 

Trace 

Trace  through  the  master  switch  to  the  bleed  selector  switch. 


8.  Trace  from  Pin  C  to  the  ground  on  the  bus  bar. 

9.  Go  back  to  Point  3  of  the  manifold  valve  switch  and  trace 
from  there  to  the  master  switch. 
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10.      Trace  through  the  master  switch  to  the  bleed  selector  switch. 


11.  Trace  through  the  bleed  selector  switch  to  Pin  B  of  the 
strut  #3  bleed  valve  connector  plug. 

12.  Trace  through  the  valve  and  windings  and  to  Pin  C  of  the 
valve. 

13.  Trace  from  Pin  C  out  to  the  ground  at  the  bus  bar. 

14.  This  will  cause  the  body  crossover  manifold  valve  to  close 
and  the  strut  #3  bleed  valve  to  open.  % 

15.  Turn  to  page  18  for  confirmation  in  Part  2. 

16.  If  you  have  traced  chis  exercise  correctly,  transfer  what 
you  have  traced  to  foldout  1  in  Part  3  of  this  workbook. 

Note:    Before  we  continue,  let's  take  a  look  at  the  ground 
wire  for  the  body  crossover  manifold  valve  and  the  strut  #3 
bleed  valve.    If  H310B20N  is  broken,  only  the  body  crossover 
manifold  valve  won't  work.    If  H310C20N  is  broken,  only  the 
strut  #3  bleed  valve  will  not  work.    Each  wire  is  common 
only  to  that  valve.    However,  if  H310D20N  or  H310E20N  is 
broken,  neither  v  lve  will  work. 


You  have  learned  that  the  master  switch  has  three  armatures. 
You  have  already  traced  wiring  for  two  of  these  armatures.  Let's 
now  trace  the  wiring  that  is  connected  to  the  third  armature.  You 
will  see  that  this  armature  allows  28V  DC  power  to  go  to  the  manual 
switch,  which  in  turn  controls  the  relay(s)  and  the  relay(s)  control 
the  3  phase  modulating  valve.    You  will  also  learn  where  the  power 
for  the  three  phase  motor  comes  from.    For  this  exercise,  you  will 
use  a  brown  and  a  red  pencil  and  figure  4  in  Part  3  of  this  workbook. 

x.      With  a  brown  pencil,  trace  the  master  switch  to  the 
PRESSURE  position.    Remember  all  three  armatures  move  down  at  the 
same  time. 

2.  With  a  brown  pencil,  trace  from  the  posit xve  connection 
of  the  28V  DC  bus  bar  to  pole  C  of  the  master  switch. 

3.  With  a  brown  pencil,  trace  through  the  switch  and  down  to 
the  manual  switch  and  stop. 

4.  Go  back  to  the  AC  bus  bar. 

5.  With  a  red  pencil,  trace  from  circuit  breaker  A  to  pole  B2 
of  the  open  relay. 


Exercise  6 
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6.  With  a  red  pencil,  trace  through  armature  (B2-B3)  to  Point  B3 
of  the  close  relay, 

7.  With  a  red  pencil,  trace  from  circuit  breaker  B  of  the  bus 
bar  to  pole  C2  of  the  open  relay, 

8.  Trace  through  armature  (C2-C3)  to  Point  C3  of  the  close 
relay, 

9.  Trace  from  circuit  breaker  C  to  pole  D2  of  the  open  relay, 

10.  Trace  through  armature  (D2-D3)  to  Point  D3  of  the  closed 
relay. 

11.  Turn  to  page  19  for  confirmation  in  Part  2. 

12.  If  you  have  traced  this  exercise  correctly,  transfer  what 
you  have  traced  to  foldout  1  in  Part  3  of  this  workbook, 

13.  LetTs  go  back  and  review  what  you  have  just  traced.  As 
you  have  already  seen,  the  power  for  the  manual  switch  is  28V  DC. 
The  manual  switch  control?  the  open  and  close  relays,  which  in  turn 
control  the  modulating  valves  three  phase  motor.    Power  for  the 
three  phase  motor  comes  from  the  3  phase  AC  bus  bar.    This  3  phase 
control  circuit  is  now  ready  for  a  signal.    This  signal  will  cause 
the  3  phase  modulating  valve  to  open  or  close.     The  manual  switch 
controls  this  signal. 

Exercise  7 

We  are  now  going  to  trace  the  circuit  that  will  close  the 
modulating  valve.    You  will  use  a  light  green  pencil  and  figure  4 
in  Part  3  of  this  workbook. 

1.  Draw  the  manual  switch  to  the  closed  position.  Remember, 
in  Exercise  6  you  traced  power  to  the  manual  switch  in  brown. 

2.  Trace  from  the  manual  switch  to  Pin  I  of  the  modulating 
valve. 

3.  Trace  from  Pxn  F,  through  the  close  limit  switch,  to 
Pin  E  of  the  modulating  valve. 

4.  Trace  from  Pin  E  to  XI  of  the  close  relay. 

5.  Trace  from  XI  to  X2  of  the  close  relay  coil. 

6.  Trace  from  X2  to  ground  on  the  negative  point  of  tiie 
28V  DC  bus  b.-. 

7.  Draw  the  three  armatures  of  the  close  re1 ay  to  the 
energized  (down)  position. 

8.  Trace  phase  A  from  Point  Bl  of  the  close  relay  to  Pin  A 
of  the  modulating  valve  connector  plug. 
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9.      Trace  trough  the  valves  A0  (phase)  winding  to  Pin  H  of  the 
modulating  valve. 

10.  Trace  from  Pin  H  to  ground  on  the  bus  bar, 

11.  Go  back  to  the  relay  and  trace  phase  B  from  Point  CI  to 
Pin  B  of  the  modulating  valve. 

12.  Trace  through  the  valves  B0  winding  and  on  out  to  ground 
at  the  bus  bar. 

13.  Start  again  at  the  close  relay  and  tvace  phase  C  from 
Point  Dl  to  Pin  G  of  the  modulating  valves  connector  plug. 

14.  Trace  from  Pin  G  through  the  valves  C0  winding  to  Pin  H 
and  on  out  to  the  ground  on  the  bus  bar. 

15.  The  modulating  valve  will  now  close,  witl.  all  three  phases 
of  power  applied. 

16.  Turn  to  page  20  for  confirmation  of  what  you  have  traced. 

17.  If  you  have  completfd  this  exercise  correctly,  transfer 
what  you  have  traced  to  foldout  1  in  Part  3  of  this  workbook. 

Exercise  8 

We  will  now  see  what  will  happen  if  the  manual  switch  is  in  the 
open  position.    For  this  exercise,  you  will  use  a  purple  pencil  and 
figure  5  in  Part  3  of  this  workbook. 

1.  Draw  the  manual  switch  to  the  open  position. 

2.  Trace  from  the  manual  switch  to  Pin  D  of  the  modulating 
valve . 

3.  Trace  from  Pin  D  of  the  modulating  valve,  through  the  open 
limit  switch  (insure  that  this  lir.it  switch  had  been  traced  to  the 
closed  position  and  the  close  limit  switch  to  the  open  position)  to 
Pin  C  of  the  modulating  valve. 

4.  Trace  from  Pin  C  through  th2  open  relay  coil  to  ground  on 
the  28V  DC  bus  bar. 

5.  The  open  relay  is  now  energized. 

6.  Draw  the  armature  ~f  the  open  relay  to  the  energized 
(down)  position. 

7.  With  this  open  relay  energized,  the  close  relay  is  de- 
energized.     This  is  caused  by  the  operation  of  the  limit  switches 
within  the  modulating  valve.    If  you  have  forgotten  limir  switch 
operation,  refer  back  to  the  wiring  diagram  on  DC  Motors  workbook. 
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8.  With  the  open  relay  energized,  we  can  trace  3  phase  power  to 
the  modulating  valve.    Trace  phase  A  from  Point  Bl  of  the  open  relay 
to  Point  CI  on  the  close  relay. 

9.  Trace  from  Point  CI  of  the  close  relay  to  Pin  B  of  the 
modulating  valve. 

10.  Trace  through  the  motor  B0  winding  and  out  to  the  ground 
on  the  bus  bar.. 

11.  Go  back  to  the  open  relay.    Trace  phase  B  from  Point  CI  to 
Point  Bl  of  the  close  relay. 

12.  Trace  from  Point  Bl  of  the  relay  to  Pin  A  of  the  modulating 
valve . 

13.  Trace  through  the  motor  A0  winding  and  out  to  ground  on 
the  bus  bar. 

14.  Go  back  to  the  open  relay  and  trace  phase  C  from  Point  Dl 
to  is.int  Dl  of  the  close  -elay. 

15.  Trace  from  Point  Dl  of  the  relay  to  Pin  G  of  the 
modulating  valve. 

16.  Trace  through  the  motor  C0  winding  and  out  to  ground  on 
the  bus  bar. 

17.  The  valve  30  motor  will  now  go  in  the  opposite  direction 
and  open.    This  is  caused  by  reversing  two  phases  of  power  to  the 
motor  windings.    Phase  A  and  B  are  reversed  to  the  A  and  B  phase 
motor  windings  on  Pins  A  and  B  at  the  motor. 

18.  Notice  the  power  direction  when  only  the  close  relay  is 
energized.    The  power  leaves  Point  A  of  the  AC  bus  bar  and  travels 
to  Pin  A  of  the  modulating  valve.    The  power  that  leaves  Point  B 
of  the  AC  bus  bar  goes  to  Pin  B  of  the  modulating  valve. 

19.  Also  notice  the  direction  of  the  power  with  only  the  open 
relay  energized.    The  power  tl  at  leave3  circuit  breaker  A  of  the 

AC  bus  bar  is  now  going  to  Pin  B  of  the  modulating  valve,  and  the 
power  from  circuit  breaker  B  is  now  :>oing  to  Pin  A  of  the  valve. 
The  C0  remains  the  same  with  either  relay  energized. 

20.  Turn  to  page  21  for  confirmation  of  what  you  have  traced 
in  this  exercise. 

21.  If  you  have  traced  this  exercise  correctly,  transfer 
what  you  have  traced  to  figure  6a  in  Part  3  cf  this  workbook. 
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Note:    Another  point  to  remember  is  that  the  modulating  valve 
is  a  three  phase  motor.    If  you  will  recall  from  your  AC  Motor 
programmed  text,  a  three  phase  motor  does  not  require  an 
external  ground  for  motor  operation.    This  means  that  even 
though  all  three  phases  are  connected  to  ground  wire  H310A20N 
and  in  turn  H310E20N,  an  open  in  either  or  both  of  these  wires 
will  have  no  effect  on  the  operation  of  the  modulating  valve. 

Note:    Wire  H300C20N  is  a  ground  wire  shared  by  both  open  and 
close  relay  ground. 

Now  that  you  have  traced  the  individual  circuits,  you  should 
be  ready  to  solve  some  circuit  malf:  actions. 

Using  figures  6b  and  7,  you  will  identify  the  circuit  malfunction(s) 
in  the  AC  Motor  Control  Circuit  which  are  all  caused  by  open  circuit(s). 
You  will  place  one  or  more  "X'x"  in  the  block(s)  which  will  give  you  the 
correct  circuit  malfunction.    The  first  one  has  been  done  for  you. 


The  second  one  you  must  do  for  practice  and  have  it  checked  by 
your  instructor  before  you  proceed  to  the  problems  in  the  performance 
test.    Keep  in  mind  as  you  do  each  problem,  you  must  mark  only  the 
malfunctions  that  directly  relate  to  each  problem. 

PRACTICE  PROBLEM  1 

First  look  at  figure  7  ana  tlnd  practice  problem  #1,  then,  using 
figure  6b,  look  for  problem  #1  in  the  AC  Motor  Control  Circuit. 
After  you  have  found  #1  on  figure  6b,  you  will  see  that  't  points  to 
an  open  positive  wire  for  both  single  phase  valves.    Remember  that  all 
the  problems  given  in  this  exercise  are  open  circuits. 

1.  Figure  7  gives  you  the  answer  sheet  for  practice  problem  #1. 

2.  Figure  6b  gives  you  the  location  of  the  open  circuit  H200A20 
the  positive  lead  for  bo*:h  single  phase  motor  valve  assemblies. 

Note:    An  "OPEN  CIRCUIT"  may  be  a  condition  of  electrical 
circuit  caused  by  the  breaking  of  continuity  of  one  or  more 
of  the  conductors  of  the  circuit;  usually  an  undesired  con- 
dition.   It  may  also  be  a  circuit  which  does  not  provide  a 
complete  path  for  current  to  flow. 

3.  Look  at  figure  6b  and  place  the  manifold  valve  switch,  master 
switch,  and  the  bleed  selector  switch  in  any  combination  of  positions, 
you  should  then  find  that  the  body  crossover  manifold  and  strut  nur1  er 
3  bleed  valve  will  not  operate.    You  will  also  find  that  wire  H200A2u 

is  not  used  in  any  way  to  support  the  operation  of  the  modulating  valve. 
Now  examine  figure  7  and  you  will  find  how  this  problem  number  1  has 
been  marked  for  you. 


If  you  have  any  questions  on  how  this  problem  was  marked,  ask  your 
instructor  at  this  time. 


PRACTICE  PROBLEM  #2 

You  whould  be  able  to  complete  this  practice  problem  on  your  own 
using  figures  6b  and  7.  If  you  are  not  sure,  consult  your  instructor 
at  this  time. 

When  you  finish  the  practice  problems,  have  them  checked  and 
signed  off  by  your  instructor  before  you  progress. 
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PART  2 

Conf irmation(s)  for  Exercises  1  through  8. 
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NOTE*    The  bold  lines  above  are  RED. 


Part  2,  Exercise  1  Confirmation. 
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NOTE:    The  bold  lines  above  are  DARK  GREEN. 


Part  2,  Exercise  2  Confirmation. 
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NOTE:    The  bold  lines  above  are  DARK  BLUE. 


Part  2,  Exercise  3  Confirmation. 
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NOTE:    The  bold  lines  above  are  ORANGE. 


Part  2,  Exercise  4  Confirmation. 
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NOTE:    The  bold  lines  above  are  LIGHT  BLUE. 


Part  2,  Exercise  5  Confirmation. 
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Part  2,  Exercise  6  Confirmation. 
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NOTE:    The  above  lines  are  LIGHT  GREEN. 
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Part  2,  Exercije  7  Confirmation. 
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NOTE:    The  above  bold  lines  are  PURPLE. 


Part  2,  Exercise  8  Confirmation. 
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PART  3 

Noce:  You  may  remove  Part  3  irom  Part  2  for  ease 
of  tracing  if  you  so  desire. 
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Exercise  3    (dark  blue) 
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Part  3,  figure  2. 


25 


1226 


c 

A 

• 

JtVDC 


RII5I 


MANUAL 
SWITCH 


MOOUIATJNO  VAlVf 


Exercise  4  (orange) 


Part  3,  Figure  3. 
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Part  3,  Figure  4. 
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Exercise  8  (purple) 


Part  3,  Figure  5. 
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Figure  6a. 
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OBJECTIVE 


Specify  basic  facts  relating  to  solid  state  devices  with  a 
minimum  of  80%  accuracy. 


INSTRUCTIONS 

This  program  text  presents  information  in  small  steps  called  "frames. 11 
After  each  frame  you  are  asked  to  complete  a  statement  or  match  some 
statements.    Read  the  material  presented  and  make  your  response  as  directed. 
After  you  have  made  your  response,  compare  your  answer  with  the  correct 
answer  given  on  the  page  following  each  frame.    If  your  answer  is  incorrect, 
restudy  the  frame  to  get  the  information  correct.    Write  the  correct 
answer  next  to  your  original  response  and  then  proceed  to  the  next  frame. 
If  necessary,  you  may  go  back  to  check  information  previously  given,  but 
do  not  skip  ahead* 


INTRODUCTION 

Solid  state  devices  are  miniature  electronic  components  used  to 
control  or  amplify  current  in  an  electronic  circuit.    The  solid  state 
devices  that  will  be  described  in  this  text  are  PN  junction  diodes, 
Zener  diodes,  and  transistors. 
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The  PN  junction  diode  is  used  in  almost  every  temperature  control  circuit. 
This  text  will  describe  hiM  the  FN  junction  diode  is  constructed,  how  it  reacts 
to  changes  in  current  flow,  and  its  purpose  in  today's  temperature  control 
circui ts . 

The  Zener  diode  is  similar  to  the  PN  junctxw     \  ■    ,  except  that  its  function 
in  a  circuit  is  different.    This  text  will  expxaJn  how  the  Zener  diode  is 
used  as  a  control  device  and  how  it  is  used  to  regulate  voltage. 

The  transistor  also  operates  on  the  sane  principles  a?  the  PN  junction  diode. 
In  this  text  you  will  be  shown  how  the  transistor  operates  and  how  it  is 
used  in  a  temperature  control  circuit. 

Understanding  the  operating  principles  of  these  three  devices  is  very 
important  wuen  studying  the  operation  of  temper.  ~ce  control  systems. 
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FRAME  1 


To  understand  the  principles  of  solid  state  devices,  we  must  have  a  short 
review  of  electron  theoty.    An  atom  is  made  up  of  PROTONS,  NEUTRONS,  and 
ELECTRONS.    The  protors  and  neutrons  make  vp  the  center  part  of  the  atom 
whicL       called  the  NUCLEUS.    The  electrons  are  held  in  orbit  around  the 
nucleus.    This  is  shown  in  the  sketch  below.    Electrons  have  a  negative 
cnarge  and  protons  have  a  positive  charge.    The  neutrons  are  neutral,  which 
means  they  have  no  electrical  charge. 


Pill  in  the  blanks  to  complete  the  following  statements. 
1.    Atoms  are  composed  cf  ,  ,  »nd 


2.  Electrons  have  a    charge. 

3.  Protons  have  a  charge. 

4.  Electrons  orbit  around  the    of  an  atom. 


5.    Protons  and  neutrons  make  up  the      of  an  atom. 
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Answers  to  frame  1:    1.    protons         neutrons         electrons         2.  negative 

3.    positive         4.    nucleus         5.  nucleus 


FRAME  2 

In  some  materials  the  atoms  have  many  electrons  orbiting  arrund  their  nuclei. 
Some  of  these  electrons  are  in  orbits  distant  from  the  nucleus    This  will 
make  it  easier  to  ?*t  the  electrons  to  flow  from  one  atom  to  another.  These 
materials  are  said  to  have  "free  electrons."    The  atoms  of  other  materials 
tend  to  'esist  the  efforts  toward  electron  flow.    These  materials  are  said 
to  have  almost  no  free  electrons. 

A  material  that  has  many  free  electrons  is  a  conductor  of  electricity.  Some 
examples  of  conductors  are  copper,  silver,  and  gold.    When  a  voltage  is  applied 
to  a  conductor,  the  free  electrons  can  move  with  little  or  no  resistance.  This 
is  called  ,   rrent  flow.    The  materials  that  contain  almost  no  free  electrons 
are  called  insulators.    Some  examples  of  insulators  are  rubber,  glass,  and 
paper.    These  materials  wi  i  oppose  current  Tlow. 

Fill  in  the  blanks  to  complete  the  following  statements. 
1.    An  insulator  contains  almost  no  electrons. 


2.  Conductors  contain  many   electrons. 

3.  Normally  current  will  not  flow  through  an  . 

4.  Copper,  gold,  and  silver  are  some  examples  of   . 

5.  Current  flow  is  the  movement  of   through  a  conductor. 
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Answers  to  frame  2:     1.    free        2.    free         3*    insulator        4.  conductors 

5.  electrons 


FRAME  3 


Let's  go  on  with  our  review  of  atomic  structure  and  lerm  a  new  term.  In 
each  atom  there  are  a  specific  number  of  electrons  that  orbit  the  rucleus. 
These  electrons  will  be  divided  into  a  definite  numb   •  of  orbital  paths. 
The  actual  number  of  electrons  and  the  number  of  orbital  paths  will  change 
with  the  tyjes  of  material  used.    This  fact  in  shown  in  the  skecch  in  this 
frame.    The  number  of  orbits  will  depend  on  the  number  of  electrons.    In  a 
balanced  atom,  the  number  of  electrons  will  be  equal  to  the  number  of 
protons.    Note  the  number  of  electrons,  protons  and  orbits  in  the  sketch 
shown. 

The  electrons  ia  the  outermost  orbit  are  called  VALENCE  electrons.    As  we 
explain  the  principles  of  solid  stale  devices  we  will  bt  concerned  with 
these  valence  electrons.    Remember  this  term  and  that  these  are  the 
electrons  in  the  outermost  orbit. 

A  stable  atom  will  have  eight  valence  electrons.    The  maximum  number  of 
valence  electrons  in  any  atom  is  eight.    Some  atoms  may  have  less  than 
eight  valence  electrons  but  never  more. 


Fill  in  the  blanks  to  complete  the  following  statements. 

1.  The  electrons  in  the  outermost  orbit  of  an  atom  are  called   

electrons • 

2.  The  maximum  number  of  electrons  in  the  outermost  orbit  of  an  atom  is 
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Answers  to  frame  3:    1.    valence         2.  elgnt 


FRAME  4 


The  two  basic  materials  used  in  the  construction  of  solid  state  devices  are 
germanium  and  silicon.    The  electron  structure  of  these  ato^3  is  shewn  below. 
Note  that  the  germanium  contains  32  electrons  and  silicon  only  14  electrons. 
Now  note  the  number  of  valence  electrons  in  each  of  these  atoms.    They  both 
have  four.    Our  discussion  on  solid  state  devices  will  be  based  on  this 
point.    Because  each  of  these  materials  have  four  valence  electrons,  their 
application  to  solid  state  devices  is  similar.    For  this  reason  we  will 
use  germanium  in  this  text. 


Fill  in  the  blanks  to  complete  the  following  statements. 
1.    The  two  basic  materials  used  in  the  construction  of  solid  state  devices 


GERMANIUM 


SILICON 


are 


and 


2.    Germanium  and  silicon  are  similar  because  they  both  have  four 
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Answers  to  frame  4:    1.    germanium        silicon       2.    valence  electrons 


FRAME  5 


In  frame  3  it  was  stated  that  an  atom  is  stable  when  it  has  eight  valence 
electrons.    A  stable  atom  has  n.  free  electrons.    t;hen  a  group  of  germanium 
atoms  are  joined  together  to  form  a  mass,  the  material  will  act  as  though 
the  atoms  are  stable.    This  is  because  the  valence  electrons  of  one  atom 
will  join  with  the  valence  electrons  of  the  atoms  close  to  it.    This  makes 
each  atom  act  as  if  it  has  eight  valence  electrons.    This  is  shown  in  the 
sketch  below. 


1.    A  stable  germanium  azom  is  one  with   electrons  in  the  valence 

orbit. 


2.    When  a  group  of  germanium  atoms  are  joined,  the  material  will  rea^t  as 
if  the  atoms  were  . 


ERJ.C 
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Answers  to  frame  5?    1.  eight 


stab  le 


FRAME  6 


Solid  state  devices  are  made  from  materials  known  as  semiconductors.  A 
semiconductor  is  a  man  made  substance.    It  is  made  by  joining  a  material 
that  has  a  different  number  of  valence  electrons  with  the  germanium.  The 
atcms  that  are  joined  with  the  germanium  are  called  impurity  atoms.  The 
impurity  atoms  have  either  three  or  five  valence  electrons.    In  either 
case,  when  the  impurity  atoms  are  added  to  the  germanium,  the  stable 
ctate  of  the  germanium  is  changed. 

An  impurity  that  has  three  valence  electrons  is  called  an  ACCEPTOR  atom. 
Some  examples  are  aluminum,  indium,  and  gallium.    An  impurity  that  has 
five  valence  electrons  is  called  a  DONOR  ATOM.    Some  examples  are  arsenic, 
phosphorous,  and  antimony.    In  the  sketch  below,  compare  the  valence 
electrons  of  the  donor  and  acceptor  to  the  germanium  atom. 


Fill  in  the  bl^ks  to  complete  the  following  statements. 


1.    Germanium  can  be  altered  by  adding 


atoms • 


2. 


The  number  of  valence  electrons  in  a  donor  atom  Is 


3.    The  number  of  valence  electrons  in  an  acceptor  atom  is 
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Answers  to  frame  6:    1.    impurity  five         3.  three 


FRAME  7 


Now  let's  see  what  change  the  donor  has  had  on  the  germanium.    When  the 
donor  atom  is  joined  with  a  germanium  atom,  four  of  the  electrons  of  the 
donor  join  the  germanium  atom.    But  since  the  doner  atom  has  five  valence 
electrons,  one  is  left  free  to  move  in  avy  direction.    The  materi  1  now 
has  an  excess  elecrron  which  will  give  it  a  negative  charge.    Becau3e  of 
this,  material  containing  a  donor  impurity  is  called  -I-type  material. 
The  sketch  below  shows  the  effect  of  joining  a  donor  atom  with  a  germanium 
atom. 


N-TYPE 


GERMANIUM  DONOR 


4  +  5=9  ELECTRONS  AVAILABLE 

**~BEING  JOINED  »Y~«4=  8  ELECTIONS  NEEDED 


1  FREE  ELECTRON 


Fill  in  the  blanks  to  complete  the  following  statements. 


1. 


N-type  material  consists  of  gerainium  combined  with  a 


atom 


2. 


N-type  material  contains  a 


charge. 


3. 


A  donor  atom  contains 


valence  electrons. 
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Answers  to  frame  7:    1.    donor        2.    negative         3.  five 


FRAME  8 


Now,  letYs  see  aow  the  germanium  will  change  when  an  acceptor  impurity  is 
added  to  it.  When  the  acceptor  atom  is  joined  with  a  germanium  atom,  the 
valence  orbit  will  have  seven  electrons*  Remember,  to  be  stable,  an  atom 
needs  eight  valence  electrons.  When  the  acceptor  atom  is  joined  with  the 
germanium,  it  leaves  a  space  where  one  more  electron  can  fit.  This  space 
is  called  a  HOLE,  and  it  can  take  on  an  electron. 

The  last  frame  stated  that  an  atom  that  had  au  excess  of  electrons  had  a 
negative  charge.    In  view  of  this,  if  an  atom  lacks  an  electron,  it  must 
have  a  positive  charge.    When  an  acceptor  is  joined  to  a  germanium  atom 
it  becomes  a  positively  charged  atom.    This  positively  charged  atom  (a 
material  that  has  holes)  is  called  P-type  material. 

The  sketch  below  shows  the  effect  of  combining  an  acceptor  atom  with  a 
germanium  atom. 


-0"N>  ^""'~0 
'  \    N       /     f  \ 


GERMANIUM  ACCEPTOR 

4       +       4=8  ELECTRONS  NEEDED 
4       +       3=7  ELECTRONS  AVAILABLE 


P-TYPE 


1  ELECTRON  SHORT  OF  BEING  BALANCED 


Fill  in  the  blanks  to  complete  the  following  statements. 

1.  An  acceptor  atom  has   valence  electrons. 

2.  P-type  material  has  a    charge. 

3.  When  an  acceptor  atom  is  joined  with  a  germanium  atom,  it  leaves  a  space 
called  a  . 
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Answers  to  fram&  8:    1.    three        2.    positive        3.  hole 


FRAME  9 


Match  the  terns  given  In  column  B  with  the  statements  listed  In  colunn  A. 
Place  the  letter  that  identifies  the  correct  term  in  the  blank  provided. 
Column  B  has  more  responses  than  needed. 

A 

1.    The  number  of  valence  electrons 
in  a  stable  germanium  atom  is 


2. 


3. 


6. 


The  material  used  in  solid  state 
1  vices  is  called  a   . 

Electrons  in  the  outermost  orbit 
are  called   . 

A  material  having  many  free 
electrons  is  a  . 

An  impurity  atom  having  three 

valence  electrons  is  an   

atom. 

An  impurity  atom  having  five 

valence  electrons  is  a  

atom. 


7.    The  particle  that  orbits  the 
nucleus  of  an  atom  is  the 


When  germanium  is  confcined  witp 
an  acceptor  atom  it  is  nailed 
material • 


Select  only  one  for  each  question. 
B 

A.  Nucleus 

B.  Atom 

C.  Four 

D.  Semiconductor 
£.  Electron 

F.  Eight 

G.  Valence  electrons 

H.  Con^  .ctor 

I.  Insulator 
J.  Donor 

K.  Acceptor 

L.  N-type 

i 

M.  P-type 
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Answers  to  frame  9:    1.    F        2.    jD         3.    G         4.    H         5.    K        6.  J 

7.    E         8.  M 


Solia  state  devices  are  made  of  f-type  and  P-type  materials  Joined  together. 
When  these  materials  are  Joined,  as  shown  in  figure  A,  a  device  is  formed 
that  ie  known  as  a  PN  JUNCTION.    Because  these  two  types  of  materials  are 
Joined)  a  "potential  barrier"  is  formed  as  shown  in  figure  B.    This  barrier 
will  oppose  electron  flow  until  the  right  voltage  potential  is  applied  to 
the  Junction.    This  voltage  is  known  as  BIAS  VOLTAGE.    I  as  voltage  is 
usually  DC,  and  is  used  to  fix  or  set  the  current  flow  in  a  circuit.  The 
two  types  of  bias  used  are  FORWARD  and  REVERSE. 


BARRIER 


/ 


Fill  in  the  bJanks  to  complete  the  following  statements. 

1.  The  voltage  used  to  adjust  the  current  flow  through  a  PN  junction  is 
called  voltage. 

2.  When  P-type  and  N-type  materials  are  Joined,  the  unit  formed  is  known  as 
a 


ERIC 
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Answers  to  frame  10:    1.  bias 


2.    PN  junction 


FRAME  11 


Forward  bias  Is  a  voltage  placed  on  the  PN  junction  in  s*  ~:h  a  way  that  it 
aids  current  flow.    The  sketch  below  shows  how  forward  bias  is  placed  on 
a  PN  junction.    Notice  that  the  negative  pole  of  the  source  voltage  is  put 
on  the  N-t/pe  material  and  the  positive  pole  is  put  on  the  P-type  material < 
This  type  of  bias  will  cause  the  like  charges  to  be  repelled  toward  the 
center.    The  repelling  action  of  the  like  charges  will  decrease  the  size 
of  the  potential  barrier.    When  the  barrier  has  been  decreased  enough 
current  will  flow  across  the  junction. 


CUKRENT  FLOW 


I    O  o 

3  °  ° 

111  + 

hp 


FORWARD  BIAS 


Fill  in  the  blanks  to  complete  the  following  statements. 

1.  Wh^n  applying  forward  bias,  the  positive  pole  of  the  power  source  is 
connected  to  the    (negative/positive)  material. 

2.  When  forward  bias  is  applied,  the  width  of  the  potential  barrier   

3.  Current  flows  through  a  PN  junction  when  bias  is  applied. 
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Answers  to  frame  11:    1.    positive         2.    decreases  3.  forward 


FRAME  12 

Reverse  bias  is  a  voltage  applied  to  the  PN  junction  in  such  a  way  that  it 
opposes  current  flow.    The  drawing  below  shows  how  reverse  bias  is  connected 
to  a  PN  junction.    Notice  that  the  negative  pole  of  the  source  voltage  is 
connected  to  the  P-type  material,  and  the  positive  pole  is  connected  to  the 
N-type  material.    This  type  of  connection  causes  the  electrons  in  the  N-type 
material  to  be  attracted  to  the  positive  pole  of  the  source,  and  the  holes 
in  the  P-type  material  to  be  attracted  to  the  negative  pole  of  the  source. 
This  causes  the  potential  barrier  to  increase  in  width  and  allow  little  or 
no  current  flow  across  the  junction. 


MINIMUM  OR  NO  CURRENT  FLOW 


REVERSE  BIAS 


Fill  in  the  blanks  to  complete  the  following  statements. 

1.  The  width  of  the  potential  barrier  is  increased  when   bias 

is  applied. 

2.  Reverse  bias  is  connected  to  the  PN  junction  so  that  it  will   

current  flow. 

3.  When  applying  reverse  bias,  the  negative  pole  of  the  power  source  is 
connected  to  the    (negative/positive)  material. 
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Answers  to  frame  12:    1.    reverse         2.    oppos e        3.  positive 


FR\ME  13 

When  the  PN  junction  is  used  in  an  electrical  circuit  it  is  called  a  DIODE; . 
A  diode  is  a  two  element  unit,  consisting  of  an  EMITTER  and  a  COT^ECTOR. 
The  emitter  is  the  N-type  material  which  end. ts  electrons.    The  collector 
is  the  P-type  material  which  accepts  electrons.    A  diode  is  used  in  an 
electrical  circuit  to  allow  current  flow  in  one  direction  only. 

The  electrical  symbol  for  the  diode  is  shewn  in  figure  A  below.  Current 
flow  is  always  against  the  arrow.    Figures  B  and  C  shows  how  bias  effects 
current  flow  in  the  diode. 


EMITTER  COLLECTOR 


Figure  A  Figure  B  Figure  C 


Fill  in  the  blanks  to  complete  the  following  statements. 
1.    When  a  PN  junction  is  *ised  in  an  electrical  circuit,  it  is  called  a 


2.    The  two  elements  of  a  diode  are  the  emitter  and 


3.  A  diode  is  used  to  allow  current  flow  in      only. 

4.  Current  flow  through  a  diode  is  always    the  arrow. 

5.  The  N-type  material  is  the    (emitter/ collector) . 

6.  A  diode  will    current  in  one  direction  but  will 

current  to  flow  in  the  other  direction. 


ERLC 
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Answers  to  frame  13:    1.    diode         2.    collector        3.    one  direction 

4.    against         5.    emitter         6-    block,  let  or  allow 


FRAME  14 

Changing  alternating  current  to  direct  current  is  known  as  RECTIFTCATION. 
When  one  diode  is  placed  in  an  AC  power  supply  circuit,  it  will  let  current 
flow  on  one  half  of  the  alternation  only,    This  is  called  HALF  WAVE  recti- 
fication.   For  this  reason,  tie  diode  is  called  a  half  wave  rectifier. 

Now  let's  trace  the  current  flow  in  figure  A  to  see  how  the  diode  rectifies 
it.    On  one  half  cycle  (note  arrow  1),  the  diode  is  forward  biased.  Current 
flow  is  from  negative,  through  the  load,  through  the  diode,  and  back  to 
positive.    On  the  other  half  cycle  (note  arrow  2),  the  diode  is  reverse 
biased.    Current  will  try  to  flow  from  the  negative  to  the  positive,  but 
it  cannot  get  through  the  diode.    Remember,  current  only  flows  through  a 
diode  when  it  is  forward  biased.    Therefore,  the  load  (light)  does  not 
burn  steadily,  but  will  flash  (pulsate)  every  half  cycle.    Note  in 
figure  B,  the  sine  wave  for  the  AC  input  as  compered  to  -he  pulsating  DC 
output. 


Fill  in  the  blanks  to  complete  the  f allowing  statements. 

1.  When  one  diode  is  used  in  an  AC  circuit,  it  is  called  a   wave 

rectifier. 

2.  A  half  wave  rectifier  changes  alternating  current  to    direct 

current. 
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Answers  to  frame  14:    1.    half         2.  pulsating 


FRAME  35 

To  change  AC  to  a  continuous  DC  output  requires  a  FULL  WAVE  rectifier.  By 
using  either  two  or  four  diodes,  the  alternating  current  can  be  rectified 
to  provide  an  almost  continuous  direct  current.    Let's  trace  the  path  of 
current  flow  through  the  circuit  in  figure  A.    On  one  half  cycle,  diodes 
1  and  2  are  forward  biased,  while  diodes  3  and  4  are  reverse  biased. 
When  the  source  is  negative  at  point  A,  the  current  flows  through 
diode  1,  then  through  the  load,  through  diode  2,  and  back  to  the  positive 
potential  at  the  source.    On  the  other  half  cycle,  diodes  3  and  4  become 
forward  biased  and  diodes  1  and  2  become  reverse  biased.    Now  current  flows 
from  the  negative  potential  at  point  B,  through  diode  3,  through  the  load, 
through  diode  4,  and  back  to  the  source. 

With  the  full  wave  rectifier  in  figure  A,  there  is  a  contiguous  flow  of 
current  through  the  load.    Notice  that  this  current  flow  is  always  in 
the  same  direction.    Compare  the  sine  waves  of  the  AC  input  to  the  DC 
output  shown  in  figure  B.    A  filter  network  consisting  of  capacitors,  coils 
and  resistors  would  be  used  to  smooth  out  the  DC  ripple  effect  of  figure  B. 
Note  in  figure  C  the  output  effect  using  capacitors,  coils  and  resistor 
arrangement. 


LOAD 


AC.  INPUT 


.  O.C  OUTPUT 


PURE  DC  OUTPUT 


Figure  A 


Figure  B 


Figure  C 

Fill  in  the  blanks  to  complete  the  following  statements. 


1.    When  four  diodes  are  used  in  an  AC  circuit,  it  is  called  a 
wave  rectifier. 


2.    A  full  wave  tectifier  will  allow  current  flow  through  the  load  during 
  (one/both)  half  cycles. 


3.    When  a  full  wave  rectifier  is  wed,  the  current  flow  through  the  load 
is  in  the  direction. 


t 


Answers  to  frama  1:    full         2.    both         3.  same 


FRAME  16 

A  ZENER  diode  is  a  special  kind  of  diode  sped,  ically  designed  for  use  as  a 
voltage  regulator.    The  schematic  symbol  for  a  Zener  diode  is  shown  in  figure 
A  below.    On  this  illustration  you  will  note  that  current  flow  is  in  the 
opposite  direction  to  fch*i-  of  the  normal  diode  as  shown  in  figure  B.  Current 
flow  in  a  Zener  diode  i.        >  the  arrow  point.    The  Zener  diode  when  hookea  in 
a  circuit  will  not  allow        electrical  circuit  to  be  completed  until  it 
absorbs  a  certain  preset  voltage.    By  this  token  we  say  the  Zener  diode  in 
reality  is  a  voltage  regulator. 


■+- 

-    +  +  - 


Zener  Diode  formal  Diode 

Current  Flow  Current  Flow 

Figure  A  Fi«ure  B 


Fill  in  the  blanks  to  complete  the  statements. 

1.  Zener  diodes  are  used  as   regulators. 

2.  Current  flow  in  a  Zener  is  (with/against)  the  arrow. 

3.  Draw  an  arrow  under  the  schematic  symbol  which  shows  the  (  rection  of 
current  flow. 
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Answers  to  frame  16:    1.    voltage       *  2.    with  n-3. 


♦  -i  .  "  .  FJRAME  17 

Match  the  tertns  given  in  column  B  with  the1  statements  listed  in  column  A. 
Place:  the  lfetter  that  identifies  the  correct  fcferm  in  the  b Lank' provided. 
Coluton  B  has  aote  responses  than  needed.    Celiac*  only i  one  for. each  question. 


1.  The  device  u£e#  4$  a  voltage 
regulator  is  a  . 

2.  When  reverse-bias  is  applied 
to  a  PN  jupntion,  it  results 

in  ^.       .  . 

3.  Biasing  a  Ptf  junction  effects 
the  width  of  the   . 

A.    A  circuit  that  changes  AC  to 

pulsating  DC  is  a    circuit. 

5.    To  have  current  flowing  through  a 
diode  requires  »,, 


B 


HS8 


A.  Reetii 

B.  AC  Voltage  . 

C.  Reverse  bias 
Forward  bias 
Potential  b arri er 
N-type  material 

G.  P-type4mat;erial 

H,  Zener  diode, 


6.    The  part  (material)^  4f,thp  diodQ  th^tj.    M^ipum  current^  flow 
serves  as  the  collector  is  ^ 

the         -  ,  i  J. „ , -Minimum  current  flow 


When  forward  bias  is  applied 
to  a  diode,  it  results  in 


8.    The  part  (material)  of  th^  digte 
that  serves  as  the  emi tt^J&ffie, 
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Answers  to  frame  17:    1.    H         2«    1        3«    I  A        5«    J>         6.  G 

7,    I         8.  F 


FRAME  18 

Thus  far  the  PN  junction  diodes  have  been  described.    These  diodes  consisted 
of  P-type  and  an  N-type  material.    When  another  N  or  P-type  material  is 
added  to  the  diode,  it  becomes  a  triode  (three  element)  TRANSISTOR,  In 
modern  day  electronics,  transistors  are  primarily  used  as  amplifiers  and 
relays .    They  are  replacing  vacuum  tubes  and  conventional  relays  •  The 
reason  is  that  transistors  are  smaller  and  lighter  than  tubes  or  relays. 
They  also  have  no  moving  parts  to  wear  out  from  excessive  use.    Thus,  the 
transistor's  life  span  is  longer.    The  two  basic  types  of  transistors  are 
NPN  and  PNP.    The  block  symbol  for  each  is  shown  in  figure  A  and  B  below. 


6 


Block  Symbol  for  an  Block  Symbol  for 

NPN  Transistor.  PNP  Transistor. 


Figure  A  Figure  B 


Fill  in  the  blanks  to  complete  the  following  statements, 
1.    A  combination  of  three  N  and  P  materials  joined  together  forms  a 


2.    Transistors  can  be  used  as  amplifiers  or 
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Answers  to  frame  18:     1.     transistor         2.  relays 


FRAME  19 

Both  NPN  and  PNP  transistors  are  used  in  temperature  control  systems.  The 
PNP  transistor  consists  of  two  end  sections  of  P  material  and  one  center 
section  of  N  material.    These  materials  are  bonded  together  to  form  one 
device.    In  this  process  we  actually  have  two  PN  junctions.    This  also 
forms  two  potential  barriers,  a  potential  barrier  between  each  of  the  PN 
junctions.    Note  the  barrier  regions  in  Lhe  block  symbol  shown  in  figure  A 
below. 

When  a  FNP  transistor  is  used  in  an  electrical  circuit  it  is  identified  by 
the  symbol  shown  in  figure  B. 


collector 


BLOCK  SYMBOL  OF  A    PNP  ELECTRICAL  SYMBOL  OF  A  PNP 

Figure  A  Figure  B 


NO  RESPONSE  REQUIRED 
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FRAME  20 


The  NPN  transistor  consists  of  two  end  sections  of  N  material  and  one  center 
section  of  P  material.    This  is  shown  in  figure  A.    Note  that  this  also  form 
two  PN  junctions  and  two  potential  barriers. 

Figure  A  is  the  block  synobol  for  an  NPN  transistor.    Hcwever,  when  an  NPN 
transistor  is  used  in  an  electrical  circuit,  it  is  identified  by  the  synbol 
shown  in  figure  B. 

The  theory  of  operatior  of  PNP  and  NPN  transistors  is  basically  the  same. 
In  the  remainder  of  this  text  we  will  limit  our  discussion  to  the  NPN 
transistor.    The  NPN  transistor  is  the  type  used  in  most  environmental 
system  control  circuits. 


Block  Synbol  of  an  NPN.  Electrical  Symbol  of  an  NPN. 

Figure  A  Figure  B 


NO  RESPONSE  REQUIRED 
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FRAME  21 


Electrical  diagrams  of  equipment  using  transistors  will  contain  only  the 
electrical  symbol  for  transistors.    The  words  or  letters  that  identify 
the  emitter,  base,  and  collector  .ire  not  used.    Therefore,  itvs  important 
that  you  can  identify  the  sections  of  a  transistor  by  the  electrical  symbol 
only.    The  arrow  in  the  symbol  is  the  key.    The  arrow  always  identifies  the 
emitter.     It  also  tells  you  whether  itTs  an  NPN  or  PNP.    Notice  in  figure  A  f  NPN 

transistor)  that  the  arrow  points  out.    Then  notice  in  figure  B  (PNP 
transistor)  the  arrow  points  in.    If  the  arrow  is  NOT  POINTING  IN,  itfs 
an  NPN  transistor.    The  center  section  is  the  BASE,  and  the  remaining  section 
is  the  COLLECTOR. 


EMITTER 


BASE  — 

Electrical  Synfcol  for 
an  NPN  Transistor. 


COLLECTOR 


Figure  i 


EMITTER 


COLLECTOR 


Electrical  Symbol  for 
a  PNP  Transistor. 


Figure  B 


Fill  in  the  blanks  to  complete  the  following  statements. 

1.  The  three  sections  of  a  transistor  are  called   ,   , 

and  - 

2.  The  section  of  a  transistor  that  controls  the  current  flow  through  it 
is  called  the  . 


3.  In  the  electrical  symbol  of  a  transistor,  the  emitter  is  signified  by 
an   . 

4.  In  an  NPN  transistor,  the  first  N  is  the  emitter  and  the  second  N 
is  the 
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Arswers  to  frame  21:    1.    base    emitter         collector         2.    base         3.  arrow 

4 .  collector 


FRAME  22 

Having  learned  that  a  transistor  has  an  emitter,  base,  and  collector,  we  can 
now  talk  about  how  it  works.    There  must  be  a  positive  signal  put  on  the  base, 
a  negative  signal  put  on  the  emitter,  and  a  positive  signal  put  on  the 
collector.    These  are  snown  in  the  sketch  below.1    With  these  signals,  the 
transistor  is  forward  biased.    As  you  recall  from  frame  10,  bias  is  a  voltage 
that  is  used  to  fix  or  set  the  current  flow  in  a  circuit.    The  sketch  below 
shows  the  biasing  of  a  transistor.    Note  that  the  emitter  is  pure  negative 
while  the  base  is  1.5  volts  (+)  positive.    The  collector  circuit  has  a  (+) 
positive  voltage  potential  of  4.5  volts.     It  could  be  said  that  in  order  to 
forward  bias  the  NPN  transistor  the  emitter  must  be  (-)  negative,  the  base 
(+)  positive  and  the  collector  at  an  even  higher  (+)  positive  potential. 


L|  r  -Mr 


4.5  V  + 


_  iASE/COUECTOR 


FORWARD  HAS 
EMlTTER/SASfc 

For  the  transistor  to  conduct,  forward  bias  is  always  applied  between  the 
emitter  and  base. 


Fill  in  the  blanks  to  complete  the  following  statements. 
1.    Forward  bias  is  always  applied  between  the    and 


2.    A  transistor  is  forward  biased  when  the  positive  signal  is  applied  to 
the 
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Answers  to  frame  22:    1.    emitter        base         2.  base 


FRAME  23 

The  signal  put  between  the  base  and  emitter  controls  the  load  current  flow  that 
goes  from  the  emitter  to  the  collector.    When  the  signal  put  on  the  base 
is  more  positive  than  the  emitter,  the  transistor  is  forward  biased.  This 
will  reduce  the  potential  barrier  and  allow  current  to  flow  from  the  emitter 
to  the  collector.    Figure  A  shows  the  transistor  forward  biased.  Current 
flow*  from  the  negative  emitter  to  the  positive  base.    However,  because 
the  collector  is  always  more  positive  than  the  base,  most  of  the  current 
flows  through  the  base  to  the  collector. 

In  figure  B,  the  bias  signal  to  the  base  is  negative  in  respect  to  the 
emitter.    This  is  a  reverse  bias.    This  negative  signal  (reverse  bias 
between  the  base  and  emitter)  will  increase  the  potential  barrier  and 
stop  current  flow  through  the  emitter-collector  circuit.    When  biasing 
an  NPN  or  PNP  (forward  or  reverse)  ycu  bias  the  transistor  between  the 
emitter  and  base. 


FORWARD  BIAS  REVERSE  BIAS 


Figure  A  Figure  B 

Fill  in  the  blanks  to  complete  the  following  statements. 
1.    Current  flows  across  a  transistor  only  when  the  base  is 


2.    With  a  negative  signal  applied  to  the  base,  current  flow  across  the 
transistor   . 


3.  Current  flow  through  a  transistor  is  controlled  by  the  signal 
applied  between  the  emitter  and  . 

4.  When  forward  biasing  an  NPN  transistor,  you  would  bias  it  between 
the  and 


9 

ERLC 
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Answers  to  frame  23:    1.    positive         2.    stops  3.  base 

4.    emitter  and  base 


FRAME  24 


This  sketch  shows  how  a  transistor  is  used  as  a  RELAY.    The  bridge  circuit 
has  put  a  positive  signal  on  the  base  of  the  transistor.    This  will  increase 
the  forward  bias  of  the  emitter- base  circuit.    With  this  increase  in  forward 
bias,  the  transistor  will  conduct.    With  the  transistor  conducting,  a  cir- 
cuit is  completed  between  ground  (point  A)  and  the  circuit  breaker  (point  B) . 
Current  flows  from  ground,  through  the  transistor,  to  the  positive  source  at 
point  B.    When  the  transistor  is  conducting,  the  valve  motor  runs.  .  When  the 
bridge  signal  changes  to  negative,  the  base  of  the  transistor  also  becomes 
negative.    This  will  increase  the  reverse  bias  and  the  transistor  will  stop 
conducting.    The  current  flow  in  the  motor  will  now  stop  and  the  motor  will 
no  longer  run.    In  this  circuit,  the  transistor  is  used  as  a  relay  to  control 
the  operation  of  the  motor. 


VALVE 
MOTOR 


Fill  in  the  blanks  to  complete  the  following  statements. 
1.    When  the  forward  bias  is  increased  the  motor  will 


2.    The  transistor  will  not  conduct  when  the  base  is 


3.    When  a  transistor  is  used  to  control  a  motor  circuit,  it  is  being 
used  as  a 
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Answers  to  frame  24:    1.    operate         2.    negative         3.  relay 


FRAME  25 

Match  the  terms  given  in  column  B  with  the  statements  listed  in  column  A. 
Place  the  letter  that  identifies  the  correct  term  in  the  blank  provided. 

A  B 


1 

L  • 

ror  current  to  now  tnrougn  an 

i ri oae  t runs is  to r 

w  rvt  irans  is  tor ,  <*  pos  i  Live  a  ignoi 

mus t  be  applied  to  the  • 

D 
D  . 

2. 

A  transistor  can  be  used  as  a 

c. 

Emitter 

*j 

j  • 

a  transistor  win  conduce  wnen 

u » 

Base 

there  is          between  the  base 

and  emitter. 

E. 

Collector 

4. 

When  using  an  electrical  symbol 

F. 

Arrow 

of  a  transistor,  if  the  arrow 

is  pointing  away  from  the  base, 

G. 

Forv  ard  bias 

it  is  a/ an  transistor. 

H. 

Reverse  bias 

5. 

The  emitter  of  a  transistor  is 

identified  on  the  electrical 

I. 

Relay 

synbol  by  the 

6. 

The  solid  state  device  that 

J. 

PNP 

contains  three  elements  is  a 

Name  the  sections  of  the  transistor  shown  below: 


10.    The  transistor  shown  in  the  above  illustration  is  (a  PNP/an  NPN). 
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Answers  to  frame  25:    1.    D        2.1^        3.G  B  5.P 

6.    A        7.    emitter        8.    base        9.  collector 
10 .  NPN 


4.  u. 
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Environmental  Pneudraulic  Branch 
Chanute  AFB,  Illinois 


SERVICE  TEST 
C3ABR42331-HO-127 
1  February  1984 


TRAINER  AIRCRAFT.     A/C  SYSTEM  TRAINER  -  OPERATIONAL  CHECKOUT 


PREPARATION 


1.       Place  the  TRALNiiR  POWER  switch  in  the  'ON'  position. 

2<       Push  in  the  CABIN  AIR  VALVbS  and  CABIN  CONDITIONING  circuit  breakers  on  the 
PEDESTAL  COCKPLT  circuit  bnMrur  panel. 

3.       Place  the  ful  lowing  switthrs  in  flic  position  j;ivrn 

MASTER  SWITCH  RAM  DUMP 

TEMPERATURE  CONTROL  SWITCH  OFF  (center) 

CABIN  TEMPERATURE  SELECTOR  70°  (midposition) 

OPERATIONAL  CHECKOUT 


CD 

3 


>- 
Ou 

8 

CO 


Control  device 

'  "  1 

i 

Step 

and  position 

Operating  valve(s) 

Valve  position) 

I 

Place  the  MASTER  switch  in 

Cabin  Conditioning  SOV 

OPEN 

the  CABIN  PRESS  position 

Cabin  Ram  Air  Valve 

CLOSE 

Hold  the  CABIN  TEMPERATURE 
CONTROL  switch  in  the  MAN 

ilOj           c  1  i~  i  r\r\ 
IIWl     UsJ  o  L  L.  L  U 11 

Cabin  Temperature  Control 
valve 

FULL  OPEN 

Hold  the  CABIN  TEMPERATURE 
CONTROL  switch  in  the  MAN 

CUL*U    pOS  I  L  lUll 

Cabin  Temperature  Control 
valve 

FULL  CLOSE 

/ 

"T 

Hold  the  CABIN  TEMPERATURE 
CONTROL  switch  in  the  MAN 
HOT  or  MAN  Cold  posit ' ->n 

Cabin  Temperature  Control 
valve 

midposition 

5 

Place  the  CABIN  ~         -  MRE 
CONTROL  switch  in  kuTO 

*  b 

P  cate  the  CABIN  TEMPERATURE 
SELECTOR  «"o  40° 

Cabin  Temperature  Control 
valve 

FULL  CLOSE 

*  7 

Rotate  the  CABIN  TEMPERATURE 
SELECTOR  to  100° 

Cabin  Temperature  Control 
valve 

PULL  OPEN 

8 

place  the  CABIN  TEMPERATURE 
CONTROL  switch  in  the  OFF 
pos  it  ion 

9 

Place  the  MASTER  switch  in 

Cabin  Conditioning  SOV 

CLOSE 

the  RAM  DUMP  position 

Cabin  Ram  Air  Valve 

OPEN 

*NOTE:    Steps  2  and  3  and  Steps  6  and  7  may  be  done  in  the  reverse  order. 
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Designed  for  ATC  Course  Use.    Do  Not  Use  on  the  Job, 


m>*:  3370  TCHTG 
pn|/~TRIBUTION:  X 
E£^370  TCHTG/TTGU-P  -  200;  DAV  -  1 


AUTOMATIC  TEMPERATURE  CONTROL  COMPONENT  TEST 


NOTE:     This  test  is  to  determine  the  condition  of  the  Automatic  Temperature  Control 
circuit  components  (Cabin  Temperature  Sensor,  Duct  Temperature  Sensor,  and 
Cabin  temperature  Selector). 

Step  1        Isolate  the  Temperature  Control  Bridge  circuit  components  be  disconnect ing 
MS  connector  188  from  the  Cabin  Temperature  Controller. 

Stop  2        Make  a  resistance  cluck  of  the  Duct   Temperature  Sensor  associated  wiring. 

The  resistance  value  of  the  sensor  should  fall   between   IMC  and  47K  ohms. 

.Step  3        Make  a  resistance  check  of  the  Cabin  Temperature  Sensor  and  associated  wiring. 
The  resistance  value  of  the  sensor  should  fall  between  16K  and  47K  ohms. 

Step  4        Make  a  resistance  check  of  the  Cabin  Temperature  Selector  and  associated  wiring. 
The  selector  must  be  rotated  to  insure  variable  resistance  values  between 
0  and  12K  ohms. 
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CHANUTE  TECHNICAL  TRAINING  CENTER  (ATC) 
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Chanute  Air  Force  Base,  Illinois 
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OBJECTIVES 


Relate  components  of  magnetic  amplifier  temperature  control  circuits 
to  their  purpose  with  a  minimum  of  80%  accuracy. 

Specify  how  a  signal  from  the  bridge  affects  the  components  of 
magnetic  amplifier  temperature  control  circuits  with  a  minimum  of  80% 
accuracy • 

INSTRUCTIONS 

This  programmed  text  presents  information  in  small  steps  called  frames. 
Carefully  study  the  written  material  and/or  schematic  in  each  frame  until 
you  are  satisfied  you  understand  its  contents.    Each  frame  requires  you  to 
select  true  statements,  solve  problems,  etc.    Specific  instructions  are 
provided  in  each  frame.    After  you  have  made  your  response,  m^rk  it  in  the 
space  provided  for  it.    Go  to  the  back  of  the  book  tp  check  your  answers. 

If  you  are  correct,  go  on  to  the  next  frame.     If  you  are  incorrect, 

study  the  frame  again  and  correct  your  mistakes  before  continuing.  If 

you  still  can't  understand  your  mistakes,  ask  your  instructor  for  assistance. 

Read  cai-efully,  select  the  correct  answer(s)  and  DO  NOT  HURRY. 


Supersedes  3ABR42331-PT-128,  10  April  1981 

OPR:     3370  TCHTG 

DISTRIBUTION: 

3370  TCHTG/TTGU-P  -  100;  DAV  -  1 
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INTRODUCTION 


In  previous  lessons  on  air  conditioning  systems,  the  automatic  mode 
was  controlled  by  a  bridge  circuit  and  micro-positioner.    Now  it  will  be 
controlled  by  a  bridge  and  magnetic  amplifier.    Look  at  the  diagram  on 
page  5.    You  should  notice  that  we've  replaced  the  micro-positioner  with 
a  magnetic  amplifier.     In  the  diagram  we  have  drawn  the  magnetic  amplitier 
on  the  inside,  so  you  would  see  how  it  replaces  the  micro-positioner. 
Throughout  the  rest  of  the  text  it  will  be  drawn  c    the  outside  of  the 
circuit. 

Also  in  previous  lessons  you  learned  the  valve  that  controlled  the 
air  was  called  the  temperature  control  valve.    Now  it's  called  the  turbine 
bypass  valve.     Its  purpose  is  still  the  same;  that  is,  it  will  direct 
the  bleed  air  either  into  or  around  the  turbine. 

In  the  diagram  on  the  pre/iovis  page  you  will  notice  that  the  entire 
circuit  is  drawn  for  you.    You  will  be  able  to  refer  to  this  diagram  as 
you  read  the  text . 
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Frame  1 


Before  we  begin  there  are  some  important  words  and  terms  that  you 
must  be  familiar  with.    Using  a  dictionary  or  glossary  of  terms,  define 
in  your  own  words  the  terms  and  words  below. 


AMPLIFIER  — 


BIAS  — 


POLARITY  — 


OPPOSE  — 


THE  LEFT-HAND  RULE  — 


ERLC 
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Frame  2 


You  may  be  asking  yourself  why  we  use  a  magnetic  amplifier  instead 
of  a  micro-positioner.    Some  of  the  reasons  are  they  are  small,  have  no 
moving  parts,  give  off  very  little  heat,  and  are  not  effected  by 
vibration  or  gravitational  pull.    So,  you  can  see  with  today's  aircraft 
the  magnetic  amplifier  is  v«ry  practical. 

The  purpose  of  the  magnetic  amplifier  is  to  take  the  very  small 
signal  from  the  bridge  and  make  it  strong  enough  to  operate  the  transistor 
circuit  effectively. 

Fill  in  the  blanks  to  complete  the  following  statements: 

1.  The  purpose  of  a  magnetic  amplifier  is  to  take  a   

signal  and  make  it  stronger. 

2.  The  magnetic  amplifier  receives  the  signal  from  the   

circuit.  . 


3.      Advantages  of  the  magnetic  amplifier  are:    they  are  small,  have 
no  moving  ,  and  give  off  . 


I 


Frame  3 

A  basic  magnetic  amplifier  contains  a  metal  core,  shaped  like  a  donut, 
with  wire  coils  wound  around  the  core.    The  core  is  a  material  that  can  be 
easily  magnetized.    The  core  is  circular  (donut)  shaped  because  this  design 
provides  a  better  magnetic  field. 


The  diagram  below  illustrates  a  magnetic  amplifier  with  three  separate 
windings.    These  are  the  gate  winding,  the  bias  winding,  and  the  .control 
winding .    Each  of  the  windings  has  a  specific  function  in  the  operation  of 
the  magnf wic  amplifier  and  in  overall  operation  of  the  temperature 
controller.    The  direction  that  current  flows  through  the  windings  is  the 
controlling  factor  of  the  magnetic  amplifier. 


NO  RESPONSE  REQUIRED 
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Frame  4 


BIAS  WINDING 

Before  tracing  the  signal  through  the  temperature  controller,  you 
need  to  know  the  purpose  of  each  of  the  three  windings,  how  they  operate, 
and  how  each  one  affects  the  other.    We'll  begin  with  the  bias  winding. 

The  bias,  winding,  illustrated  at  the  right,  uses  direct  current 
(i)C)  power.    The  polarity  of  the  bias  winding  is  shown  in  the  illustration 
below.    Since  power  for  the  bias  winding  is  DC  and  it's  always  flowing 
in  the  same  direction,  then  the  magnetic  polarity  will  always  be  the 
same.    The  purpose  of  the  bias  winding  is  to  establish  a  fixed  control 
point  at  which  the  gate  winding  can  be  triggered.    That  is,  until  the 
control  winding  is  strong  enough  to  aid  the  gate  winding,  the  bias  winding 
will  overpov^r  the  control  winding,  keeping  the  system  off. 


•IAS  frlMMNO 


core . 


Fill  in  the  blanks  to  complete  the  following  statements. 

1.  The  windings  in  a  magnetic  amplifier  are  wound  around  a 

2.  The  bias  winding  operates  on    (AC/DC)  current. 

3'      The    of  the  bias  winding  will  always  be  the  same 

because  the  flow  is  always  in  the  same  direction. 
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Frame  5 


The  gate  winding  controls  power  frpm  the  amplifier  to  the  load.  The 
power  supply  for  this  winding  is  from  an  AC  source.    However,  the  current 
flow  through  the  windings  is  DC.     Let's  see  how  that  happens.    The  AC 
current  from  th*  power  source  is  rectified,  that  is,  changed  from  AC  to  DC 
by  the  system  diodes.    In  order  for  you  to  understand  how  the  diodes  do 
this,  let's  follow  the  current  flow  through  both  cycles.     In  illustration 
A  note  the  four  diodes  and  how  they  are  placed  in  the  circuit.    Arrows  have 
been  drawn  on  this  diagram  to  illustrate  the  path  of  current  flow.  You 
must  remember  that  current  flows  against  the  arrow  of  the  diode.  Starting 
at  the  negative  side  of  the  AC  power  source  the  current  flows  through 
diode  3,  through  the  load,  through  diode  2,  through  the  winding,  and 
back  to  the  positive  side  of  the  AC  power  source. 


A  B 

Illustration  B  shows  the  second  alternation  of  the  AC  power  source. 
Once  again  let's  start  at  the  negative  side  of  the  AC  power  source. 
Current  travels  through  the  winding,  through  diode  1,  through  the  load, 
through  diode  4,  and  back  to  the  positive  side  of  the  AC  power  source. 
After  following  the  current  flow  through  both  cycles,  you  should  notice 
that  current  flows  in  one  direction  only*  through  the  winding.    This  will 
also  cause  the  polarity  of  the  winding  to  always  remain  the  same.  You 
should  notice  the  current  flows  in  one  direction  through  the  load  also. 

Fill  in  the  blanks  to  complete  the  following  statements. 

1.  The  ^   winding  controls  power  from  the  amplifier  to  the 

load . 

2.  Diodes  are  used  in  the  gate  winding  circuit  to  change   

to   . 

3-      Current  flow  through  the  winding  and  the  load  will  be 

in  the  same 
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Frame  6 


The  control  winding  takes  the  signal  from  the  bridge  circuit  and,  using 
this  signal,  controls  the  gate  winding.    The  polarity  of  the  control  winding 
will  depend  on  the .current  flow  through  the  bridge.    The  bridge  will  also 
determine  the  strength  of  the  magnetic  field  of  the  control  winding.  The 
signal  from  the  bridge  is  in  the  form  of  DC  current.    When  the  negative 
und  positive  points  of  the  bridge  are  as  shown  in  illustration  A,  current 
will  tiow  through  the  control  winding  and  cause  the  magnetic  poles  of 
the  windings  to  be  as  illustrated . 


A  B 
However,  should  the  resistance  in  one  leg  of  the  bridge  change,  the 
negative  and  positive  points  of  the  bridge  will  reverse  as  shown  in 
illustration  B.  current  will  flow  through  the  control  winding  in  the 

ODposite  direction.    Notice  that  the  polarity  will  change.    It  will  reverse. 
The  resistance  of  the  sensor  or  selector  will  determine  the  direction  of 
current  flow  from  the  bridge.    This  will,  in  turn,  determine  the  direction 
of  current  flow  through  the  control  winding.    Remember  the  polarity  of 
the  winding  depends  on  the  direction  of  current  flow. 

Fill  in  the  blanks  to  complete  the  following  statements. 

1.      The  control  winding  uses    (AC/DC)  current. 


2.      The  magnetic  poles  of  the  control  winding  are  determined  by  the 
signal  irom  the   . 


3.      How  strong  the  magnetic  field  of  the  control  winding  is  depends 
on  the  signal  from  the  ^  . 


J.275 


Frame  7 


Now  let'*  see  how  the  polarities  of  one  winding  affects  the  other 
winding.    Remember,  the  polarity  in  the  bias  winding  is  always  the  same 
and  the  polarity  of  the  gate  winding  is  always  the  same.    Polarity  of  the 
control  winding  depends  on  the  bridge  circuit.    Note  in  the  illustration 
below  that  the  bias  winding  and  the  gate  winding  have  like  poles.  This 
means  they  will  alway-  oppose  each  other.    The  cuirent  flow  through  the 
bias  winding  will  oppose  current  flow  through  the  gate  winding. 


Fill  in  the  blanks  to  complete  the  following  statements. 

1#      The  winding  and    windings  have  like  magnetic 

poles . 

2.      The  bias  winding  will  always    current  flow  through  the 

gate  winding. 
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Frame  8 


Since  the  polarity  of  the  control  winding  can  change,  depending  on  the 
direction  of  current  flow  from  the  bridge,  it  will  either  aid  or  oppose 
the  gate  winding.    When  the  magnetic  poles  of  the  control  winding  are  as 
illustrated  below  it  will  oppose  cuvrent  flow  through  the  gate  winding. 
Note  that  the  poles  are  alike.    When  the  magnetic  poles  are  as  illustrated, 
the  bias  winding  and  the  control  winding  are  both  opposing  the  gate 
winding.    This  opposition  will  reduce  current  flow  in  the  gate  winding. 
This  will  prevent  the  load  from  operating* 


A/VV— 


Fill  in  the  blanks  to  complete  the  following  statements. 

1.  The  control  winding  c*n  either    or    the  gate 

winding . 

2.  When  the  magnetic  poles  of  the  control  and  gate  winding  are  alike, 
current  flow  through  the  gate  will   . 


3.      The  signal  from  the  bridge  circuit  determines  the  polarity  of 
the    winding. 
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Frame  9 


When  the  direction  of  current  flow  from  the  bridge  changes,  the 
direction  of  current  flow  through  the  control  winding  will  also  change. 
This  will  change  the  magnetic  polarity  of  the  control  winding.  When 
the  magnetic  poles  of  the  windings  are  as  illustrated  below,  the  control 
winding  will  aid  the  gate  winding.    Notice  the  gate  winding  and  control 
winding  have  unlike  poles.    Remember,  unlike  poles  will  aid  each  other. 
By  aiding  the  gate  winding  it  will  allow  current  to  flow.    This  will 
result  in  current  flow  through  the  load. 


The  gate  winding  controls  the  electrical  signal  that  will  cause  the 
load  to  operate.     If  the  gate  winding  is  aided  by  the  control  winding  the 
load  will  operate.     If  the  gat;e  winding  is  opposed  by  the  control  winding, 
the  load  will  not  operate. 

Fill  in  the  blanks  to  complete  the  following  statements. 

1.  When  the  direction  of  current  flow  from  the    changes, 

the  magnetic  poles  of  the  winding  will  also  change. 

2.  Current  will  flow  through  the  load  when  the  control  winding  is 
  (aiding/opposing)  the  gate  winding. 

3.  The  control  winding  aids  the  gate  winding  when  the  magnetic  poles 
are    (like/unlike) . 
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Let  s  see  how  the  magnetic  amplifier  operates  with  a  signal  from  the 
bridge.    In  the  illustration  below,-  the  signal  from  the  bridge,  AC  power 
source,  and  the  magnetic  poles  have  been  drawn  in.    The  North  pole  of  the 
control  winding  is  facing  the  South  pole  of  the  gate  winding.    The  aid 
from  the  control  winding  is  now  stronger  than  the  opposition  from  the  bias 
winding.     The  rectified  AC  signal  will  flow  through  the  gate  winding  to 
the  load.    Current  flow  through  the  gatd  winding  will  build  up  until  it 
is  strong  enough  to  operate  the  load.    The  amount  of  current  flow  through 
the  gate  winding  will  depend  on  the  strength  of  the  signal  from  the  bridge. 


Fill  in  the  blanks  to  complete  the  following  statements. 

1.  When  the  North  pole  of  the  control  winding  is  facing  the  South 
the\oad!  Winding'  Current    (will/will  not)  flow  through 

2.  In  the  circuit  illustrated,  the  bias  winding  is    the 

gate  winding  and  the  control  winding  is    the  gate  winding. 
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Frame  11 


Let's  see  what  happens  to  the  operation  when  the  signal  from  the 
bridge  changes  to  that  shown  In  the  illustration  below.    The  control 
winding  has  changed  magnetic  poles  because  of  the  change  in  direction 
of  current  flow  from  the  bridge.    The  South  pole  of  the  control  winding 
is  facing  the  South  pole  of  the  gate  winding.    These  two  poles  are 
repelling  each  other  or  opposing  current  flow*    The  North  pole  of  the 
bias  winding  is  facing  the  North  pole  of  the  gate  winding,  and  will 
also  be  opposing  current  flow  in  the  gate  winding. 

With  the  control  and  bias  winding  both  opposing  the  gate  winding, 
there  is  very  little  current  flow  through  the  gate  winding.    With  this 
condition,  there  will  be  no  current  flow  through  the  load. 


Fill  in  the  blanks  to  complete  the  following  statements. 

1.      When  the  South  pole  of  the  control  winding  is  facing  the  South 

pole  of  the  gate  winding,  current       ^   (will/will  not)  flow  through 

the  load. 

In  the  circuit   I  I  I  nut  r*il»*cl ,   ttit*  M/ih  winding  hi 
the  fcatr  winding  and  the  control  winding   Ik  the  pntr  winding. 
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Frame  12 


Let's  see  how  the  magnetic  amplifier  controls  the  turbine  bypass 
valve.    In  the  illustration  below,  we've  added  a  transistor  circuit 
and  a  bypass  valve.    The  illustration  shows  only  the  circuit  that  the 
hot  signal  uses.    You  should  notice  that  the  bias  winding  and  bridge  have 
28VDC  constantly  going  to  them.    Also  that  the  gate  winding  has  115VAC 
power  source.    Notice  that  the  valve  receives  power  from  28VDC  bus  bar 
on  the  right-hand  side  of  the  page.    Remembering  that  the  bridge  sends  the 
signal  to  the  control  winding  and  that  the  gate  winding  controls  the  load. 
The  load  is  the  transistor  circuit. 
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Fill  in  the  blanks  to  complete  the  following  statements. 


1. 


The  power  source  for  the  bias  winding  and  bridge  will  always 


rer  ' 


the 


2. 


The  gate  winding  controls  the 
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Frame  13 

Let's  trace  the  signal.    Looking  at  the  illustration  on  the  preceding 
page,  note  the  signal  from  the  bridge.    This  signal  causes  the  control  winding 
to  aid  the  gate  winding.    This,  in  tuVn,  will  allow  current  to  flow  from  the 
AC  power  source.    Current  will  now  travel  through  the  gate  winding  and  down 
the  wire  to  point  A.    From  point  A,  it  flow  to  and  charges  the  capacitor 
(CI).    At  the  same  time  it  sets  up  a  voltage  potential  at  the  three 
resistors  marked  X,  Y  and  Z.    Resistor  X  is  the  normal  path  the  current 
flows  until  the  Zener  diode  (VR2)  breaks  down. 

Follow  this  return  path  through  resistor  X,  through  resistor  V, 
through  the  lower  dicue  at  the  gate  winding,  then  through  the  gate  winding 
to  the  center  connection  and  back  to  the  positive  potential  at  the 
transformer.    Until  the  signal  becomes  strong  enough  to  cause  the  Zener 
diode  to  break  down,  the  transistor  will  not  conduct. 

NO  RESPONSE  REQUIRED 
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Frame  14 


When  the  voltage  Increases  enough  across  the  Zener  diode  (VR2) 
it  will  force  it  to  break  down.    When  the  Zener  diode  breaks  down, 
current  fl^ws  through  resistor  "Yf"  through  the  Zener  diode,  through 
the  gate  winding  and  to  the  positive  side  of  the  transformer. 

The  current  flowing  through  the  Zener  diode  causes  the  base  of 
the  transistor  to  become  more  positive  than  its  emitter,  causing  it 
to  conduct . 


Fill  in  the  blanks  to  complete  the  following  statements. 
1.      The  transistor  is  directly  controlled  by  the   


2.      The  strength  of  the  potential  at  the  Zener  diode  is  a  direct 
result  of  the  signal  from  the    circuit. 
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Frame  1 5 


The  transistor  actually  serves  as  a  relay  or  switch  for  the  bypass 
valve  circuit-    The  transistor  is  forward  biased  when  the  Zener  diode 
breaks  down-    This  permits  current  flow  from  the  emitter  to  the 
collector  of  the  transistor.    Note  in  the  diagram  how  this  will  complete 
a  circuit  from  the  bypass  valve  ground  to  the  28VDC  source.    When  the 
transistor  conducts,  current  can  flow  from  the  bypass  valve  ground, 
through  the  valve  motor  winding  (hot  or  open  side),  through  the  diod% 
then  through  the  transistor  to  ,the  positive  potential  at  the  28VDC 
circuit  breaker,    This  will  operate  the  valve  to  the  hot  (open)  position 


BYPASS 


OPgN 


Fill  in  the  blanks  to  complete  the  following  statements, 

1.  The  bypass  valve  circuit  is  controlled  by  the 

2,  When  hot  air  is  demanded,  the  bypass  valve  will  operate  to  the 


circuit 


position. 
The  transistor  serves  as  a 


or 


for  the  val 


1286 

21 


Figure  16 


Operation  of  the  transistor  is  controlled  by  the  Zener  diode.  That 
is,  when  it  breaks  down  it  allows  the  transistor  to  reduce  its  internal 
resistance  where  it  can  operate  the  valve  motor. 

If  we  had  used  a  cold  signal  from  ihv  bridge  circuit,  the  si^mi! 
would  have  aided  the  cold  magnetic  amplifiers.    This  would  have  caused 
the  transistor  in  the  cold  circuit  to  conduct.    The  circuit  would  have 
been  operated  in  the  same  manner,  except  it  would  cause  the  valve  motor 
to  operate  in  the  opposite  direction,  providing  cold  air.    Remember,  the 
bridge  circuit  signal  determines  whether  the  hot  or  cold  amplifiers 
operate. 

Fill  in  the  blanks  to  complete  the  following  statements. 

1.  When  cold  air  is  demanded,  the  bypass  valve  will  operate  to  the 
  position. 

2.  If  the  signal  from  the  bridge  causes  the  hot  control  winding  to 
oppose  the  gate  winding,  and  the  cold  control  winding  to  aid  the  gate 

winding,  the  bypass  valve  will    (open/close). 
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Frame  17 


We  have  seen  how  the  hot  signal  from  the  bridge  will  run  the  bypass 
valve  toward  hot.    But,  with  the  circuit  that  we've  traced,  this  hot 
signal  could  cause  the  valve  to  operate  too  far  toward  hot.    This  would 
cause  the  temperature  to  become  too  hot  in  the  cockpit  before  the  sensors 
could  detect  the  temperature  change  and  signal  tne  valve  to  stop.  This 
action  would  result  in  the  bypass  valve  going  first  to  hot  them  to  cold 
and  back  to  hot,  always  overshooting  the  exact  position  needed  to  deliver 
the  selected  temperature. 

To  prevent  the  valve  from  ''hunting"  or  running  continuously  trying 
to  maintain  the  temperature,  a  "feedback"  circuit  is  used.    The  feedback 
circuit  for  both  the  hot  and  cold  amplifiers  is  added  to  the  diagram  on 
the  next  page. 

The  feedback  circuit  will  cause  the  bypass  valve  to  "pulse"  instead 
of  running  continuously.    The  pulsing  action  prevents  a  rapid  change  in 
the  valve  position..    It  also  prevents  a  rapid  change  in  air  temperature 
coming  from  the  air  conditioning  system.    The  rate  of  the  pulsing  action 
depends  on  the  strength  of  the  signal  from  the  bridge.    A  strong  signal 
causes  the  valve  to  pulse  at  a  rapid  rate.    A  weaker  signal  causes  the 
valve  to  pulse  at  a  slower  rate. 

Fill  in  the  blanks  to  complete  the  following  statements. 

1.  The  purpose  of  the  feedback  circuit  is  to  prevent  the  valve  from 

the  exact  position  needed  to  deliver  the  selected  temperature. 

2.  The  pulsing  action  of  the  valve  prevents    changes  in 

air  temperature. 
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Frame  18 


Refer  to  previous  page  for  diagram.    Let's  trade  the  feedback 
circuit  to  determine  what  controls  the  pulsing  action.    Starting  at  the 
ground  for  the  bias  winding,  point  "A,"  follow  the  current  from  point 
"A"  up  through  the  hot  bias  winding.    From  the  hot  bias  winding,  current 
can  go  in  two  directions.    Current  can  go  through  resistor  Rl,  to 
point  "B"  and  back  to  the  28VDC  source.    The  other  path  for  current 
flow  is  through  the  feedback  circuit.    Current  in  the  feedback  circuit 
flows  through  resistors  R2,  R3,  through  the  diode,  then  to  point  "C." 
From  point  "C"  current  flows  through  the  transistor  and  up  to  the  28VDC 
circuit  breaker.    Now,  notice  that  when  the  hot  transistors  start 
conducting  they  complete  a  path  for  current  flow  that  operates  the  bypass 
valve  and  also  a  path  for  current  from  the  first-stage  hot  bia<*  winding. 
This  increase  in  current  flow  through  the  winding  will  also  increase 
the  magnetic  field  of  the  bias  winding.    Remember,  the  magnetic  field 
of  the  bi^s  winding  is  opposing  current  flow  in  the  gate  winding. 

Fill  in  the  blanks  to  complete  the  following  statements. 

1.      The  feedback  circuit  will  come  on  when  the  transistor  is 


2.      When  the  feedback  circuit  is  in  operation    current  flow  through 
the  bias  winding  is  . 


3. 


The  bias  winding  will  always  oppose  the 


winding. 
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Frame  19 

The  increased  current  flow  through  the  bias  winding  increases 
the  opposition  to  current  flow  in  the  gate  winding.    This  stops 
current  flow  in  the  gate  winding ,  that  is,  it  stops  the  magnetic 
amplifier  from  operating,    When  this  happens  the  transistor  will 
also  stop  conducting,  and  the  end  result  is  that  the  valve  stops 
running  and  also  stops  current  flow  through  the  feedback  circuit. 

When  current  flow  stops  in  the  feedback  circuit ,  there  is  no 
longer  an  increased  opposition  to  current  flow  through  the  amplifier. 
This  allows  the  signal  to  flow  through  the  amplifier  again,  which 
allows  the  transistors  to  conduct.    Of  course  the  same  sequence  of 
events  starts  all  over  again.    This  causes  the  valve  to  pulsate  until 
the  temperature  reaches  a  point  to  balance  the  bridge  circuit. 

We  have  taken  a  hot  signal  from  the  bridge  and  followed  it  through 
the  complete  automatic  temperature  control  circuit.    A  signal  for  cold 
would  operate  the  same  as  the  hot  signal,  except  we  would  have  used  the 
cold  amplifier,  transistor,  feedback  circuit,  and  cold  side  of  the 
valve. 

NO  RESPONSE  REQUIRED 
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ANSWERS  TO  QUESTIONS  AT  THE  END  OF  THE  FRAMES; 


Frame 

2: 

1. 

small,    2.    bridge,    3.    parts,  very  little 

Frame 

4: 

1. 

metal ,     2.    DC,     3.    same,  current 

Frame 

5: 

]  . 

gate,    2.    ACV,  DCV,     3.  gate,  direction 

Frame 

6: 

l . 

DC,     2.    bridge,    3.    bridge  circuit 

Frame 

7: 

1. 

bias,  gate,     2.  oppose 

Frame 

8: 

1. 

aid ,  oppose ,    2.    stop ,    3.  control 

Frame 

9: 

1. 

bridge,  control,     2.    aiding,    3.  unlike 

Frame 

10: 

1. 

will,    2.    opposing,  aiding 

Frame 

11' 

1. 

will  not,     2.    opposing,  opposing 

Frame 

12: 

1. 

same,    2.  load 

Frame 

14: 

1. 

Zener  diode,    2.  bridge 

Frame 

15: 

1. 

transistor,     2.    open,    3.     relay,  switch 

Frame 

16: 

1. 

closed,    2.  close 

Frame 

17: 

1. 

overshooting ,     2.  rapid 

Frame 

18: 

1. 

conducting,     2.     increased,    3.  gate 
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3ABR42331-WB-129A 


TRAINER  AIRCRAFT  AIR  CONDITIONING  SYSTEM  TROUBLESHOOTING 

OBJECTIVE 

Using  a  trainer,  electrical  diagram,  and  multimeter,  troubleshoot 
five  system  problems.    Four  of  the  five  problems  must  be  accomplished 
with  1002  accuracy. 

EQUIPMENT 

Multimeter 
Grease  Pencil 
Cloth  Eraser 

Trainer  3301,  Air  Conditioning 
System 

PROCEDURE 

1.  REMOVE  ALL  JEWELRY.  Report  to  the  lab  instructor  and  Inform 
him  or  her  of  the  lesson  that  you  are  working  on.  The  instructor  will 
provide  you  with  the  materials  needed  for  this  lesson. 

2.  Look  at  figure  1  on  page  3.    This  figure  shows  the  trainer  that 
you  will  be  working  with  and  will  help  you  to  locate  the  various  components 
You  must  be  able  to  locate  and  identify  each  component  to  correctly  perform 
the  performance  test  and  troubleshooting.    After  you  are  familiar  with  the 
trainer  you  may  continue  with  this  lesson. 

3.  Also,  when  you  leave  your  trainer  for  scheduled  or  unscheduled 
breaks  Insure  the  following  steps  have  been  done  before  you  go. 

a.  Place  the  conttol  switch  to  the  off  position  and  pull  the 
two  circuit  breakers. 

b.  Secure  your  multimeter  during  this  period. 

(1)    Insure  the  controls  are  set  on  the  proper  settings 


for  storage. 


back  to  work. 


(2)  Leave  the  test  leads  attached  to  the  meter. 

(3)  Wrap  the  leads  around  the  meter. 

(4)  Place  the  meter  on  the  locker  shelf. 

c.     When  you  return  from  the  break  take  the  same  meter  and  go 


Supersedes  3ABR42331-WB-129A,  17  September  1980  which  may  be  used  until 
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Figure  1.    Air  Conditioning  System  Trainer  Layout. 
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PROJECT  1 


Troubleshooting  Is  the  word  used  to  describe  a  mechanic's  locating 
mechanical  and  electrical  failures*    This  workbook    Is  designed  to  acquaint 
you  with  a  basic  approach  to  troubleshooting.    It  is  highly  unlikely  that 
any  two  individuals  will  troubleehoot  In  exactly  the  same  manner.    You,  as 
an  Environmental  Systems  Specialist,  will  have  to  develop  your  own  technique 
as  you  gain  experience  on  the  systems.    But,  regardless  of  the  technique 
used,  the  problem  must  first  be  solved  In  the  troubleshooter vs  mind;  that 
Is,  all  of  the  possibilities  are  thought  out  until  the  most  likely  one  Is 
determined. 

When  troubleshooting  electrical  failures,  the  multimeter  is  an 
essential  tool.    However,  the  multimeter  does  not  do  the  actual 
troubleshooting.    You  must  first  analyse  the  system  and  determine  the 
possible  causes.    Then  use  the  meter  to  verify  the  actual  cause. 

Circle  the  number  of  each  true  statement  below. 

1.  Troubleshooting  Is  used  to  locate  mechanical  and  electrical 
failures. 

2.  The  multimeter  does  all  of  the  troubleshooting  for  you. 

3.  Analyse  the  system  for  possible  causes,  then  verify  them  with 
the  multimeter. 
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PROJECT  2 

During  this  lesson  you  will  be  using  the  multimeter  to  test  for  voltage 
and  resistance  in  the  circuit*  and  components.    In  previous  lessons  you  were 
taught  how  to  use  the  multimeter.    The  quit  below  will  help  you  recall  how 
to  use  the  multimeter. 

Before  completing  the  quiz,  open  the  meter,  and  pre;>are  it  for  use. 

Using  the  meter  as  an  aid,  fill  in  the  blanks  to  complete  each  of 
the  following  statements. 

1.     The  Ohms  scale  is  colored 


2.     The  negative  probe  is  colored 


3.     When  checking  for  resistance,  the  trainer  power  must  be  turned 


4.  The  multimeter  is  used  for  testing  and 

resistance* 

5.  The  aC  volts  scale  is  colored 


6.  When  checking  for  resistance,  the  function  selector  must  be 
set  on  and  the  range  selector  to  the  desired  ohms  range. 

7.  To  test  a  115  volt  AC  circuit,  the  function  selector  must  be 
to   ,  and  the  range  selector  to    . 

8.  If  an  accurate  reading  is  to  be  obtained  with  the  ohmaeter, 
it  must  be 


Answers  to  Project  2:    1.  green   2.  black    3.  off,  4.  voltage    5.  black 

6.  ohms     7.  AC,  250  volts  scale    8.  zeroed 

PROJECT  3 

Before  we  continue  with  the  use  of  tho  multimeter,  we  need  to  learn 
how  the  trainer  air  conditioning  system  is  operating.    Let's  do  this  by 
making  an  operational  check. 

OPERATIONAL  CHECK  PROCEDURES 

1.  Make  sure  all  trouble  switches  at  the  left  end  of  the  trainer 
are  in  the  OUT  position,  and  the  trainer  power  switch  located  in  the 
upper  left  hand  coraar  is  placed  to  the  OFF  position. 

2.  Insure  the  trainer  power  cable  is  connected  to  an  AC  outlet, 
and  make  sure  all  circuit  breakers  on  the  trainer  are  pushed  in. 

3.  Place  the  trainer  power  switch  to  the  ON  position. 

4.  Place  the  following  switches  to  the  positions  listed  below. 
Master  switch  to  CABIN  PRESS  position. 

Temperature  control  switch  to  OFF  (center)  position 

Temperature  selector  switch  (potentiometer)  to  the  60°  position. 

Note:    As  you  perform  each  of  the  following  steps,  place  an  X  in 
the  blank  provided  that  correctly  indicates  the  valve  position. 

5.  Place  the  master  switch  to  the  RAM  DUMP  position. 

a.      Cabin  yam  air  valve  opened   closed   , 


b.     Cabin  conditioning  shutoff  valve  opened  closed 
6.      Place  the  master  switch  to  the  CABIN  PRESS  position. 

a.  Cabin  ram  air  valve  opened   closed  . 

b.  Cabin  conditioning  shutoff  valve  opened    closed 


7.  With  the  master  switch  still  in  the  CABIN  PRESS  position,  hold  the 
cabin  temperature  control  switch  to  the  MANUAL  HOT  position. 

The  temperature  control  valve  is  now  moving  open   

close   . 

8.  Hold  the  cabin  temperature  control  switch  to  the  MANUAL  COLD 
position. 
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The  temperature  crntrol  valve  is  now  moving  open 
close  . 

9.     Place  the  cabin  laaperature  control  switch  to  the  AUTO  position. 

10.  Rotate  the  temperature  selector  (potentiometer)  to  the  HOT  (100°) 
position. 

The  cabin  temperature  control  valve  is  now  moving  open   

close  » 

11.  Rotate  the  temperature  selector  to  the  COLD  (40°)  position. 

The  cabin  temperature  control  valve  is  now  moving  open   

close  , 

12.  Place  the  master  switch  to  the  RAM  DUMP  position. 

The  ram  air  valve  opened  closed  ,  and  the 

cabin  conditioning  shutof  £  valve  opened   closed  . 


13.     With  the  master  switch  still  in  the  RAM  DUMP  position,  place 
the  temperature  control  switch  to  each  of  the  following  positions  and 
observe  the  temperature  control  valve. 

MANUAL  HOT  position,  MANUAL  COLD  position,  and  AUTO. 

Did  the  cabin  temperature  control  valve  operate  with  the  switch  in 
any  of  the  positions?    Yes   No  


This  completes  the  operational  check  procedure,  now  compare  your 
answers  to  those  below.    This  way  you  will  know  that  the  trainer  is 
operating  normally. 

Answers  to  Project  3: 


5. 

a.  opened 

b.  closed 

6. 

a.  closed 

b.  opened 

7. 

open 

8. 

close 

10. 

open 

n. 

close 

12. 

opened,  closed 

13. 

no 

If  all  of  your  answers  agree  with  the  ones  given  above,  you  are  ready 
to  begin  troubleshooting.    If  you  do  not  agree,  perform  the  operational 
check  again  or  ask  your  instructor  for  assistance. 
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PROJECT  4 

In  the  previous  lesson  you  learned  about  the  sensors  and  the  potentiomet 
and  what  happens  if  they  malfunction*    This  knowledge  is  essential  for  you 
to  do  effective  troubleshooting.    Let's  see  what  you  remember. 

Complete  the  following  statements  by  filling  in  the  blanks. 

1.  Only  hot  air  is  entering  the  cockpit  In  automatic.    This  would 
be  an  indication  of  an  ______  cabin  sensor. 

2.  An  open  duct  sensor  will  change  the  control  point  of  the   . 

3.  A  shorted  cabin  sensor  will  cause  the  air  entering  the  cockpit 
to  be   • 

4.  Both  sensors  have  a  coefficient  of  resistance. 

5.  A  shorted   __   will  change  the  control  point  of 

the  potentiometer. 

6.  An  open  in  the  potentiometer  circuit  would  cause   air 

to  enter  the  cabin. 


1302 


8 


Answers  to  Project  A:    1.  open  2.    potentiometer    3.  cold    4.  negative 


You  should    ••call  from  the  previous  lesson  that  the  sensor    and  the 
potentiometer  are  variable  resistors.    To  check  then,  we  use  the  ohms 
portion  of  tb  meter. 

Procedure  for  checking  resistance  of  the  sensors  with  a  multimeter. 

1.  Place  the  trainer  power  sw:    h  to  the  OFF  position 

2.  Set  the  meter  Function  Selector  to  Ohms. 

3.  Set  the  range  selector  switch. 

Note:    The  easiest  part  of  the  acdle  to  read  is  near  the  canter 
of  uhe  scale.    Use  the  range  setting  that  will  place  the  needle 
near  the  center  when  reading  the  resistance  according  to  the 
sensor  resistance  values. 

A.      Isolate  the  bridge  circuit.    You  do  this  by  iisconnecting 
the  cannon  plug  at  the  section  marked  188  >n  the  cabin  temperature 
controller.    Thir  process  is  to  disconnect  all  the  components  of  the 
bridge  for  Individual  ohm  check.    You  did  this  same  type  of  exercise 
when  you  pulled  out  the  junction  pins  on  the  bridge  circuit  trainer 
In  the  lab. 

6.  Locate  the  cabin  sensor  on  the  wiring  diagram .    Notice  that 
the  circuit  coming  from  ground  goes  through  pin  B  of  the  cabin  sensor f 
out  pin  A5  and  then  to  pin  C  of  the  controller. 

7.  Now  locate  the  cabin  sensor  on  the  trainer.    Place  one  multi- 
meter lead  in  plug  105,  pin  B,  and  the  other  lead  in  pin  A.    This  circuit 
is  illustrated  below. 


5.  duct  sensor    6.  cold 
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Figure  2.    Checking  Sensor  Resistance. 


8.     Read  the  resistance  and  record  it. 
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9.     Now  locate  the  duct  sensor  and  measure  its  resistance. 

Duct  sensor  resistance  is  ohms. 

10.      Both  of  these  resistance  values  should  be  between  16,0r0  and 
47,000  ohms,    If  the  values  you  have  recorded  are  not  within  this  range, 
ask  the  instructor  for  assistance. 

Now  that  you  know  the  resistance  of  the  sensors  you  can  use  this 
information  during  troubleshooting.  When  you  check  them  again  during 
troubleshooting  they  should  have  close  to  the  same  resistance  values. 

To  check  out  the  cabin  temperature  selector  you  must  isolate  the 
bridge  circuit  by  disconnecting  plug  188  and  then  ohm  out  the  potentiometer 
You  must  connect  the  meter  leads  at  ground  and  either  Pin  S  on  plug  26  or 
Pin  A  on  plug  138.    The  resistance  should  vary  on  tr.  meter  when  the 
temperature  selector  is  rotat»i._  If  it  does  not  show  any  resistance 
you  have  a  short  in  the  potentiometer. 

When  troubleshooting,  if  you  get  a  zero  (0)  reading  on  the  meter, 
it  means  the  sensor  is  shorted.  If  you  get  an  infinity  (»)  reading  on 
the  meter,  it  means  the  sensor  is  open. 

Complete,  the  following  statements  by  filling  in  the  blanks. 

1.  Trainer  power  should  be  turned   when  using  the  ohmmeter. 

2.  If  the  meter  Indicates  zero,  it  means  the  sensor  is 


3.  If  the  meter  Indicates  infinity,  it  means  the  sensor  is   

4.  When  checking  for  ohms,  the  function  selector  must  be  set  to 


To  check  sensors  jnd  potent iometars,  you  should  use  the 
  portion  of  the  multimeter. 
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Answers  to  Project  5:  1.  off    2.  shorted    3.  open   4.  ohms    5.  ohms 


PROJECT  6 

Now  let's  find  out  how  to  check  a  wire  for  resistance.    Normally  a 
wire  has  extremely  small  resistance,  and  the  ohmmeter  should  read  zero. 

Locate  wire  number  H54A22  on  the  wiring  diagram.    This  wire  connects 
the  cabin  sensor  to  che  controller.    An  open  in  this  wire  would  be  like 
having  an  open  in  the  cabin  sensor. 

Check  the  resistance  of  wire  number  HS4A22  by  performing  the 
following  steps. 

Note:    Anytime  you  find  a  nead  to  troubleshoot  in  the  bridge 
circuit  be  sure  to  isolate  the  circuit  with  plug  188  and  then 
ohm  out  the  circuit. 

1.  Place  the  trainer  power  switch  to  the  OFF  position. 

2.  Set  the  function  selector  to  OHMS. 

3.  Set  the  range  selector  to  ft  x  100  and  zero  the  meter. 

4«     Put  one  lead  in  pin  "C"  com  action  at  the  controller  and 


the  other  lead  in  pin  "AH  connection  at  the  cabin  sensor, 
circuit  is  illustrated  below. 


This  test 


loooo 


Figure  3.    Checking  Wire  Resistance. 

If  the  meter  reads  zero  (0)  the  wire  is  good.    If  the  meter  reads 
other  titan  zero,  it  either  has  an  open  or  a  high  resistance. 

Complete  the  following  statements  by  filling  in  the  blanks. 

1.  A  good  wire  has  resistance. 

2.  When  using  an  ohmmeter >  the  power  switch  should  be 
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3.     When  measuring  the  resibtance  of  a  wire,  if  the  meter  reads  other 
than  zero,  the  wire  is   or  has  a  high   ♦ 


11 


130 
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Answers  to  Project  6:    1.    small  (zero)    2.  of£   3.  open,  resistance 


PROJECT  7 

Most  of  your  troubleshooting  will  be  don?  using  the  voltmeter 
portion  of  the  multimeter.    The  only  time  you  should  use  the  ohmmeter 
is  for  checking  the  sensors  or  potentiometer  circuits  (bridge  circuit). 

To  illustrate  this  point,  let1 8  make  a  comparison.    Locate  the 
master  switch  on  the  trainer.    This  switch  controls  the  air  conditioning 
shutoff  valve.    Locate  tbe  shutoff  valve.    On  the  trainer  it  would  be 
possible  t*  check  the  wire  from  the  master  switch  to  the  shutoff  valve 
with  an  ohmmeter.    But  letf»  compare  this  to  the  same  circuit  on  the 
T-38  aircraft  by  noting  the  Illustration  below.    On  the  actual  e'rcraft 
this  valve  is  several  feet  from  th,  switch.    Imagine  the  difficulties 
one  man  would  have  in  checking  this  same  circuit  from  the  cockpit  to  the 
shutoff  valve  with  an  ohmmeter. 


M2TCI 


Figure  4.    Voltmeter  or  Ohmmeter? 

To  prepare  yourself  for  troubleshooting  circuits  on  the  aircraft, 
USE  THE  VOLTMETER  FOR  TROUBLESHOOTING  THE  TRAINER  CIRCUITS.    Use  the 
ohmmeter  for  checking  the  sensor  or  rheostat  circuits  only 

Complete  the  following  statements  by  filling  in  the  blanks. 

1.      To  check  the  sensor  and  potentiometer  circuits,  you  should 

ase 


2.      For  most  of  your  troubleshooting,  you  should  use  the 


3.      An  ohmmeter  is  always  used  to  check 


and 
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4.  The  most  practical  mater  used  when  troubleshooting  is  the 
 *  12 
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Answers  to  Project  /:    1.    ohmmeter       2.  voltmeter 

3.    sensors  and  potentiometer      4.  voltmeter 


PROJECT  8 

Before  using  the  multimeter  to  check  voltage,  let's  see  if  you  know 
how  the  system  operates  normally.    Run  through  an  operational  check  again. 
Start  with  the  switches  in  the  normal  positions.    Go  back  to  project  3 
for  the  procedure  if  necessary. 

When  you  are  sure  you  know  how  the  system  operates  normally, 
perform  the  following  steps. 

1.  Place  trouble  switch  number  1  to  the  IN  position. 

2.  Place  che  trainer  power  switch  to  the  ON  position. 

3.  Perform  an  operational  check  to  determine  which  component 
does  not  operate  properly. 

Note:    You  should  have  found  that  the  air  conditioning  shutoff 
valve  did  not  open. 

4.  Using  the  grease  pencil  and  the  wiring  diagram  on  the  trainer, 
trace  the  circuit  from  the  cabin  ilr  valves  circuit  breaker  to  the  open 
side  of  the  shutoff  valve. 

Note:    The  diagram  below  illustrates  how  the  circuit  should  look 
when  traced  on  the  diagram. 


CAIIN  CONDITIONING  SHUTOFF 


CA1IN  PUS? 


Figure  5.    Circuit  Tracing. 

5.      Analyze  the  circuit  to  determine  why  the  valve  didn't  open. 
Ask  yourself,  where  would  an  open  be  that  might  prevent  the  valve  from 
opening • 
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PROJECT  9 

Now  let's  use  the  voltmeter  to  see  if  you  were  right. 

1       Leave  the  trainer  power  switch  ON.    Check  the  wiring  diagram 
and  determine  the  type  of  voltage  you  will  be  measuring.    The  "oHage 
is  indicated  at  the  circuit  breaker  on  the  wiring  diagram. 

2.      Set  up  the  meter  for  checking  this  voltage. 

3      When  you  are  checking  for  voltage,  the  black  lead  (negative)  is 
always  connected  to  ground.    Locate,  on  the  trainer,  the  small  metal  strip 
marked  AIRCRAFT  GROUND.    Place  the  black  lead  in  this  ground,  and 
leave  it  there  while  checking  for  volt„e.    This  metal  strip  represents 
the  frame  of  the  aircraft.    When  checking  for  voltage  on  the  aircraft, 
the  frame  (metal)  of  the  aircraft  is  ground. 

4.     Place  the  red  lead  (positive)  in  pin  Al  of  the  shutoff  valve. 
Is  there  power  at  pin  Al?    Yes  No  

You  should  have  answered  NO.    There  is  no  power  at  pin  Al, 
but  there  should  be. 

5       Now  trace  the  circuit  back  and  find  the  next  check  point.  This 
is  pin' "J"  on  control  panel  26.    Place  the  red  lead  in  pin  'J.      Is  there 


power  at  this  point?  Yes 


No 


You  should  have  answered  YES,  there  should  be  power  at  this  point. 
Complete  the  following  statements  by  filling  in  the  blanks. 

1.  There  is  an  open  in  wire  number   • 

2.  The  voltage  for  the  circuit  checked  is   

3.  You  had  the  function  selector  on  _____  • 

4.  You  had  the  range  6-lector  on  • 


5.  The  color  of  the  mater  scale  you  used  is  • 

6.  On  the  aircraft,  any  part  of  the  frame  can  be  used  as  an 


7.      When  measuring  voltage,  the  lead  that  goes  to  ground  is  the 


lead . 
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Answers  to  Project  9:    1.  H60B22    2.  110  -  120  volts  AC    3,  AC  volts 

4.  25C    5.  black  6.  ground    7.  black  (negative) 


PROJECT  10 

While  performing  the  steps  in  projects  8  and  9,  you  have  actually 
completed  troubleshooting  on*  malfunction.    Let's  i^view  the  stops 
you  followed  after  placing  the  trouble  In  the  system. 

Step  1:     Perform  an  operational  check. 

Step  2:     Determine  the  malfunctioning  component  and  how  it  malfunctioned 
(the  valve  wouldn't  open). 

Step  3:     Trace  the  circuit  on  the  wiring  diagram. 

Step  4:     Analyze  the  circuit  for  possible  causes  (which  wire  could 
be  open  or  which  unit  could  be  defective) . 

Step  5:     Use  the  multimeter  to  verify  the  possible  causes  and 
determine  the  actual  cause* 

Performing  the  operational  check  is  a  step-by-step  procedure  used 
to  cause  all  components  to  operate.    This  procedure  is  given  tc  you  in 
project  3.    When  working  on  an  actual  aircraft,  this  procedure  is 
given  in  the  technical  order. 

To  determine  the  malfunctioning  component  you  must  know  how  each 
component  is  supposed  to  operate  normally.    Then  you  observe  each 
component's  operation  to  see  if  it  does  operate  normally. 

Tracing  the  circuit  on  the  diagram  helps  you  select  the  circuit 
or  circuits  that  are  involved  in  operating  the  malfunctioning  component. 
This  is  the  first  step  in  isolating  the  problem. 

Analyzing  the  circuit  for  the  possible  causes  requires  you  to  consider 
all  of  the  available  information  (symptoms).    Let's  review  the  analysis  for 
trouble  switch  number  1.    Follow  on  the  diagram  as  we  analyze  this  problem. 
From  the  operational  check  we  found  that  the  air  conditioning  system  shutoff 
valve  would  not  open,  but  the  ram  air  valve  does  open  and  close.  With 
this  information  we  know  the  circuit  bringing  power  to  the  master  switch 
is  good.    Since  the  problem  is  "the  valve  won't  open,"  we  can  assume  the 
close  circuit  to  be  good.    This  leaves  our  possibilities  to  be  wire  number 
H60B22,  wire  number  H60A22,  the  ground  wire,  or  a  defective  valve  motor. 

After  determining  the  possible  causes  through  analysis,  the  meter  is 
used  to  determine  where  power  is  and  find  the  actual  cause. 
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Troubleshoot Ing 

Apply  the  five  steps  of  troubleshooting  to  determine  the  cause  for 
the  trouble  In  each  of  the  problems.  You  are  to  complete  the  remaining 
3  practice  problems,  before  you  do  your  performance  test.  Each  problem 
la  placed  Into  the  trainer  by  /one  of  the  trouble  switches.  The  trouble 
switches  you  are  to  use  are  not  In  numerical  sequence  -  check  the  chart 
on  the  following  page  for  the  trouble  switches  to  use. 

Mote:    When  troubleshooting  the  manual  temperature  control  system, 
be  sure  you  hold  the  temperature  control  switch  In  either  the  manual 
Hot  or  manual  Cold  position. 

Note:    Anytime  you  find  a  need  to  troubleshoot  In  the  bridge  circuit 
be  sure  to  Isolate  the  circuit  with  plug  188  and  then  ohm  out  the 
circuit. 

Troubleshoot  the  system  and  determine  the  cause  for  the  trouble  In 
each  of  the  problems.    Place  only  one  trouble  switch  to  the  IN  position 
for  each  problem.    Start  with  problem  number  written  In  by  the  Instructor. 
After  completing  each  problem,  be  sure  to  place  the  switch  for  that 
problem  to  the  OUT  position. 

Record  your  findings  for  each  problem  on  the  chart.    We  have 
completed  problem  number  1  and  the  Information  has  been  filled  out. 

When  you  have  completed  the  3  practice  problems,  report  to  the 
Instructor  and  the  Instructor  will  check  your  answers.    If  you  are 
correct,  you  are  ready  for  the  progress  check. 

Note:    When  you  find  a  HIGH  RESISTANCE  in  a  malfunctioning  circuit, 
be  sure  that  you  have  the  circuit  Isolated  that  Is  shoving  the 
HIGH  RESISTANCE.    This  may  be  done  by  disconnecting  the  unit 
electrical  plug. 
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On  the  chart  below  list  the  following  information. 

In  block  A,  name  the  unit  that  le  malfunctioning. 

In  block  Bt  state  how  the  unit  is  malfunctioning  -  example:  will 
not  open,  will  not  close,  will  not  operate  in  automatic. 

In  block  C,  state  the  actual  cause,  giving  the  wire  number  or 
unit  rnd  whether  it  is  an  open  or  a  short  or  high  resistance. 

After  you  go  over  the  first  problem  which  was  done  for  you,  do  the 
next  three  practice  problems  and  have  the  instructor  check  your  work 
when  you  are  done. 

Note:    Use  only  the  trouble  switch  that  is  given  by  instructor 
for  each  problem. 


1    PROBLEM  NUMBER  1  TROUBLE  SWITCH  1 

A   Air  Conditioning  System  Shutoff  Valve  

B    Will  Not  Open  

C    Wire  IH60B22  Open     


PROBLEM  NUMBER  2  TROUBLE  SWITCH 

_A  

B 


PROBLEM  NUMBER  3   TROUBLE  SWITCH 


PROBLEM  NUMBER  4   TROUBLE  SWITCH 
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PROGRAMMING  DECADE  RESISTORS 

OBJECTIVES 

Given  a  decade  resistor  and  predetermined  decades  total  ohms  resistance, 
program  the  decade  switch  control  settings  properly  under  the  proper  decade 
switch  designations.    A  minimum  of  3  out  of  4  decades  total  ohms  resistance 
must  be  programmed  correctly. 

EQUIPMENT 

Decade  Resistors  ZM-163/U 

INSTRUCTIONS 

Do  not  start  this  workboo!   unless  you  have  satisfactorily  completed 
the  programmed  material  in  WB-202  and  have  achieved  the  objective.    You  will 
only  use  a  lead  pencil  to  complete  this  workbook.    When  you  are  instructed  to 
go  to  another  page,  figure,  etc.,  be  sure  you  follow  the  instructions. 

You  will  be  required  to  complete  the  exercises  as  given.    After  the 
exercises  are  properly  completed,  you  will  be  assigned  a  performance  test. 
You  will  be  required  to  complete  the  performance  test  in  accordance  with 
instructions  provided  and  meet  the  minimum  performance  standards  given  in 
the  above  objective. 

If  you  do  not  understand  the  above  objective,  see  your  instructor  at  this 

time. 

Caution:    Remove  watches,  rings,  bracelets,  etc.,  before  starting  any 
wurk  on  the  equipment.     It  is  also  a  good  safety  practice  to  work  on  the 
equipment  with  one  hand.    This  practice  reduces  the  chances  of  receiving 
an  electrical  shock  to  some  vital  body  organ  when  working  with  electricity. 

When  you  leave  your  work  area  for  a  scheduled  or  unscheduled  break, 
or  anywhere?  el3e,  make  sure  that  the  following  procedures  are  done  before 
you  leave: 

1.  Insure  you  have  complied  with  all  the  instructions  given  you  by 
your  instructor. 

2.  Insure  your  equipment  is  properly  stored  and  secured  before  leaving 
the  area. 

3.  When  you  return  from  your  break,  take  the  same  equipment  from  the 
locker  and  go  back  to  work. 

4.  If  there  is  anything  you  do  not  understand  about  the  procedures 
before,  during  or  after  break,  be  sure  you  ask  your  instructor. 
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PERFORMANCE  EXERCISE  I 


In  this  performance  exercise  you  will  be  required  to  use  a  decade, 
program  the  decade  to  the  ohm  values  given  and  then  check  them  against 
the  figures  given  of  the  decades  in  this  book. 

1.  Set  your  decade  to   400.0  ohms. 

2.  After  you  do  step  1,  turn  to  figure  1  and  compare  your  decade 
settings  to  it.    They  must  be  the  same.    If  they  are  not  the  same,  you 
may  ask  your  instructor  for  assistance. 

3.  If  you  believe  you  understand  the  above,  continue  with  the 
following.    If  you  don't  understand,  see  your  instructor  NOW. 


If  you  do  understand  the  above,  continue  by  using  the  ohm  values 
given  and  program  your  decade  for  each  of  them.    After  you  program  each 
of  them,  check  them  against  the  correct  figures  given  and  then  go  on  to 
the  next  one.    If  you  have  any  problems,  see  your  instructor. 

Student  will  initial  in  the  "STUDENT  INITIALS"  column,  when  he/she 
has  done  the  work  and  believes  he/she  understands  it. 

DECADE  TOTAL  OHMS  RESISTANCE  SEE  FIGURE  STUDENT  INITIALS 

295.3  ohms  2 

500.0  ohms  3   

1100.0  ohms  4 
500.0  ohms  (See  note  below)  5 

Note:    The  500  ohms  must  be  with  the  X-100  decade  switch  control 
set  on  4  and  then  adjust  the  remaining  to  get  the  500.0  ohms. 

If  you  have  any  difficulty  with  this  performance  exercise,  see  your 
instructor  immediately  and  do  not  progress  to  performance  exercise  2. 
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Figure  1. 
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PERFORMANCE  EXERCISE  II 

In  this  exerci&s,  you  will  go  from  505.0  ohms  to  a  lower  value. 
You  will  do  this  one  ohm  at  a  time.    This  may  sound  simple,  but  it  can 
be  very  confusing  unless  you  understand  the  procedure. 

1.  Using  the  decade  provided,  make  each  of  the  settings  as  the 
procedure  is  explained.    We  will  start  with  505.0  ohms  and  decrease  only 
one  ohm  at  a  time  to  490  ohms. 

2.  This  procedure  is  shown  by  the  6  illustrations  in  figure  6. 

a.  Program  the  decade  to  obtain  505  ohms.    Note  Illustration  A 
in  figure  6. 

b.  To  decrease  resistance  only  one  (1)  ohm  at  a  time,  start 

by  turning  the  decade  switch  XI  back  toward  zero,  one  ohm  at  a  time,  until 
it  reads  0.    You  now  have  500.0  ohms.    Note  Illustration  B,  figure  6. 

c      Before  you  can  decrease  the  resistance  any  further,  you  must 
change  the  resistance  to  read  500  ohms  on  a  combination  of  other  decade 
switch  control  settings  that  will  allow  you  to  continue  decreasing  by  only 
one  ohm  at  a  time.    This  can  be  done  by  programming  the  decade  switch  on 
the  X-100  decade  switch  back  to  4.    Now  program  the  X-10  decade  switch 
up  to  9,  and  the  Xl  decade  switch  up  to  10.    Program  the  above  on  the 
decade.    Note  Illustration  C  in  figure  6.    Notice  that  with  this 
combination  you  still  have  500  ohms.     (See  figure  6,  Illustration  C.) 

d.  Now  you  can  keep  decreasing  in  one  ohm  steps  by  turning 
the  X-l  decade  switch  back  toward  zero,  only  one  ohm  at  a  time,  until  it 
reads  0.    This  decreases  the  resistance  to  490  ohms.     (Note  Illustration 
D,  in  figure  6.) 

e.  Should  you  be.  required  to  reduce  to  a  lower  ohm  value,  you 
could  set  the  X-10  decade  switch  to  8  and  X-l  decade  switch  to  10;  this 
would  still  be  490  ohms.     (Notice  Illustration  E  in  figure  6.)    From  this 
you  could  reduce  one  ohm  at  a  time  to  480  ohms.     (Notice  Illustration  F  in 
xigure  6.)    This  process  can  be  continued,  allowing  you  to  reduce  resistance 
in  one  ohm  at  a  time  as  desired.    This  procedure  can  be  applied  to  any  value. 

PERFORMANCE  EXERCISE  III 

In  this  exercise,  you  will  go  from  480  ohms  to  a  higher  value.  You 
will  do  this  only  one  ohm  at  a  time.    Again,  like  in  Exercise  II,  this 
may  sound  simple,  but  it  can  be  very  confusing  unless  you  understand  the 
procedure.    This  procedure  is  similar  to  what  you  did  in  Exercise  II.  If 
you  DON'T  understand  Exercise  II  or  haven't  completed  it,  don't  start  this 
exercise,  but  see  your  instructor  at  this  time. 
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If  you  have  satisfied  the  above,  you  may  start  with  the  following: 

1.  Using  the  decade  provided,  make  each  of  the  settings  as  the 
procedure  is  explained.    For  this  exercise,  we  will  start  with  the  480.0  ohm 
setting  you  have  already  set  in  Exercise  II.     (Note  figure  6,  Illustration 
F.)    This  setting  will  be  increased  only  one  ohm  at  a  time  up  to  508.0 
ohms. 

2.  This  procedure  is  shown  by  the  illustrations  in  figure  7. 

a.  Insure  your  decade  is  programmed  at  480.0  ohms  as  given 
in  Exercise  II.     (Note  Illustration  A  in  figure  7.) 

b.  To  increase  the  resistance  only  one  ohm  at  a  ' ime,  start 
by  turning  the  decade  switch  XI  only  ^ne  ohm  at  a  time  up  to  10,  until 
it  reads  10  x  1.    You  now  have  490.0  ohms.     (Note  Illustration  B,  in 
figure  7.) 

c.  Before  you  can  increase  the  resistance  any  further,  you 
must  change  the  resistance  to  read  490  0  ohms  on  a  combination  of  other 
decade  switch  control  settings  that  will  allow  you  to  continue  increasing 
by  only  one  ohm  at  a  time  using  the  Xl  decade  switch.     This  cart  be  done 
by  programming  the  Xl  decade  switch  back  to  0  and  X10  decade  switch  up 

to  9  x  10.     (Note  Illustration  C,  figure  7.) 

d.  Now  you  can  keep  increasing  in  one  chm  steps  by  turning 
the  XI  decade  switch  toward  10,  only  one  ohm  at  a  time,  until  it  reads 
10.    This  increases  the  resistance  to  a  500  ohm  value.     (Note  illustra- 
tion D,  figure  7.) 

e.  Before  you  can  increase  the  resistance  any  further,  you 
must  change  the  500  ohm  resistance  to  read  500  ohms  on  a  combination  of 
other  decade  switch  control  settings.    This  allows  you  to  continue 
increasing  by  only  one  ohm  at  a  time,  with  the  Xl  decade  switch.  This 
can  be  done  by  programming  the  decade  switch  Xl  back  to  zero,  the  X10 
back  to  zero,  and  the  X100  up  to  5.    This  gives  a  total  resistance 
value  of  500  ohms.     (Note  Illustration  E,  figure  7.) 

C.      Now  you  can  increase  in  one  ohm  steps  by  turning  the  XI 
decade  switch  only  one  ohm  at  a  time  until  you  arrive  at  the  508  ohm 
value  you  are  required  to  adjust  to.     (Note  Illustration  F,  figure  7.) 

Note;    The  time  period  between  the  one  ohm  settings  may  vary  in 
length  to  allow  the  circuit  to  respond  to  the  change.    This  is 
normally  timed  according  to  the  technical  data  given  with  the 
circuit. 
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Figure  7E. 
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ILLUSTRATION  F  508  A 
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PERFORMANCE  TEST  INSTRUCTIONS 


1.  Remove  this  page. 

2.  After  you  have  finished  this  workbook  and  its  exercises,  you 
will  take  the  workbook  to  your  instructor, 

3.  Insure  your  instructor  has  your    aily  records. 

4.  Read  the  performance  test  instructions  provided  by  your 
instructor.     If  you  have  read  all  of  them,  and  understand  them, 

initial  here    and  immediately   

5.  The  student  will  ask  the  instructor  to  initial  below  so  he/she 
may  start  the  performance  test  given  under  the  supervision  of  the 
instructor. 

6.  Instructor  initials    for  you  to  start  the 

performance  test. 

STUDENT'S  NAME 


NOTE:     Items  below  completed  by  the  instructor. 


START  TIME 


and  DATE 


STOP  TIME 


and  DATE 


RETAKE  -  YES  -  NO 


PART  1 


U 


PART  2 


S 


U 


SATISFACTORILY  =  S 


PART  3 


S 


u 


UNSATISFACTORILY  =  U 


PART  4 


U 
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OBJECTIVES 


Correctly  identify  system  operation,  safety  procedures,  and/or 
components  of  the  bleed  air  system  with  a  minimum  of  80%  accuracy. 

INSTRUCTIONS 

This  text  presents  information  in  small  steps  called  "frames." 
After  each  frame  you  are  asked  to  respond  by  completing  a  statement. 
Read  sach  frame  carefully  before  responding.    The  answers  to  the 
statements  for  each  frame  are  located  on  the  top  of  the  next  frame. 
If  you  select  the  correct  answers,  continue  to  the  next  frame.  If 
you  are  incorrect,  re?»d  the  material  again  and  corract  your  answers 
before  continuing. 


Supersedes  3A3R42331-PT-201,  10  September  1980. 
OPR:     3370  TCHTG 
DISTRIBUTION:  X 

3370  TCHTG/TTGU-P  -  1000;     TTVSA  -  1 
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Frame  1 


In  previous  lessons  you  learned  the  trainer  type  aircr  .ft  air 
conditioning  system.    You  shoulc  recall  that  the  air  used  for  air 
conditioning  came  from  the  jet  engine. 

Do  you  remember  what  to  call  thfe  air  that  was  tapped  from  the 
jet  engines?    Yest  it's  called  "engine  bleed  air." 

You  should  keep  in  mind  that  engine  bleed  air  is  an  extremely 
hot,  high  pressure  air.    The  actual  temperature  and  pressure  will 
depend  on  the  engine  throttle  setting  and  ambient  air  temperature. 

The  temperature  can  range  from  close  to  500  F  to  900  F  and  the 
pressure  from  close  to  100  to  250  psi. 

Engine  bleed  air  as  a  rule  is  taken  from  the  last  stage  of  engine 
compression.    Keep  in  mind,  the  number  of  stages  of  compression  will 
vary  with  the  different  jet  engines. 

On  the  fighter  aircraft  that  is  used  as  an  example  in  this  lesson, 
the  bleed  air  is  tapped  from  the  17th  stage  of  compression.    This  is 
the  last  stage  of  compression  on  this  engine. 

Fill  in  the  blanks  to  complete  the  following  statements. 

1.  The  air  tapped  rrom  the  jet  engine  is  called   

   air. 

2.  The  pressure  and  temperature  of  the  engine  bleed  air  depends 
on  the  engine    , 


3 
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Figure  1.    Ble-id  Air  System. 
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Answers  to  Frame  i:    i,    engine  bleed         2.    throttle  setting 


Frame  2 

Engine  bleed  air  is  used  for  several  purposes  on  the  aircraft. 
Tt  is  used  to  air  condition  the  cockpit,  cool  the  electronic  equipment 
keep  the  windshield  clear  of  rain,  and  aid  in  aircraft  control  through 
the  boundary  layer  control  system. 

When  the  engines  are  running,  bleed  air  is  supplied  to  the  cabin 
air  conditioning  system,  equipment  air  conditioning  system,  and  to  the 
boundary  layer  control  (BLC)  s   .tern.    Each  of  these  systems  has  a 
shutoff  valve  to  control  the  bl^ed  air.    You  will  learn  how  the  bleed 
air  is  used  in  each  of  these  systems  in  future  lessons. 

Figure  1  shows  the  bleed  air  system.    The  air  is  tapped  from  the 
17th  stage  of  compression  on  each  of  the  two  engines  and  is  directed 
into  one  duct.    From  there  it  is  distributed  to  each  of  the  systems. 

Follow  the  path  of  airflow  in  figure  1  from  the  engines. 

Fill  in  the  blanks  to  complete  the  following  statements. 

1.      The  air  used  for  air  conditioning  is  tapped  from  the 

stage  of  engine  compression.  "  ~~ 


2.  The  boundary  layer  control  system  receives  air  from  the 
    system. 

3.  Engine  bleed  air  Is  used  for  removing  rain  from  the 


NOTES 


COMPONENT  OF  BOUNDARY  LAYER  CONTROL  SYSTEM. 
COMPONENT  OF  ENGINE  BLEED  AIR  SYSTEM 


ON 


BLEED  AIR 
CHECK  VALVE 
(SHOWN  OPEN) 


BLEED  A!R 
CHECK  VALVE 
(SHOWN  CLOSED) 


LEFT  TE  BLC 
SHUTOFF  VALVE 


RIGHT  TE  '.C 
bHL'OFFWLVE 


EQUIPMENT 

REFRIGERATION 

UNIT 


RAIN  REMOVAL 
BYPASS  VALVE 


CABIN 

REFRIGERATION 
UNIT 


RIGHT  L  E  BLC 
SHUTOFF  VALVE 


RAIN 

REMOVAL 
VALVE 


Figure  2.    Bleed  Air  System  Schematic.  (Top  View) 
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Answers  to  Frame  2:    1.    17th       2.    engine  bleed  air      3.  windshield 

Frame  3 

On  this  aircraft,  bleed  air  is  supplied  by  two  engines.  Check 
valves  are  used  to  prevent  loss  of  bleed  air  if  one  of  the  engines  is 
inoperative.    Remember,  check  valves  allow  airflow  in  one  direction 
only,  or  we  can  say,  they  prevent  a  reverse  flow  of  air. 

Notice  the  check  valves  in  figure  2.    In  this  system  there  is 
one  check  valve  for  each  engine.    These  are  flapper  type  check  valves, 
similar  to  those  used  in  the  trainer  aircraft  air  conditioning  system. 

Air  flowing  in  one  direction  will  open  the  flappers,  but  airflow 
in  the  opposite  direction  will  force  the  flappers  to  close.  Check 
valves  normally  have  an  arrow  stamped  on  the  body  of  ♦  a  valve  to 
indicate  the  direction  of  airflow. 

Fill  in  the  blanks  to  complete  the  following  statements. 

1.      Loss  of  air  through  an  inoperative  engine  is  prevented  by  a 


2.      The  check  valves  are  opened  by 
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Answers  to  Frame  3:    1.    check  ralve         2.    air  pressure 
Frame  4 

Read  each  statement  below  then  mark  each  one  T  (true)  or  F  (false) . 

 1.      Engine  bleed  air  is  tapped  off  the  17th  stage  of  compression 

on  both  the  left  and  right  engines. 

 _2.      Check  valves  allow  bleed  air  to  flow  out  of  the  engine 

compressor,  and  also  prevent  a  reverse  flow  of  air  into  an 
inoperative  engine, 

 3.      The  arrows  on  the  check  valves  indicate  the  direction  of 

airf low, 

 4.      The  check  valves  are  opened  by  spring  tension, 

 5.      The  engine  bleed  air  system  supplies  hot,  high  pressure  air 

to  the  boundary  layer  control  system,  equipment  refrigeration 
unit,  and  the  cabin  refrigeration  unit. 
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Answers  to  Frame  4:       T    1.        T    2 .       T    3.       F  4. 


Frame  5 

From  the  engines,  the  bleed  air  is  routed  through  ducting  to  the 
different  systems.    The  ducting  is  made  up  of  short  sections  connected 
together  with  duct  couplings. 

Short  sections  of  ducting  are  used  to  make  it  possible  to  remove 
and  reinstall  thv      '  ws  for  maintenance. 

Figure  3  showt  ^art  of  the  bleed  air  ducting.    The  small  arrows 
point  to  some  of  the  mary  couplings  used  to  hold  the  sections  of 
ducting  together. 

The  duct  sections  are  made  of  a  stainless  s^eel  alloy  which^can 
withstand  extremely  high  temperatures. 

The  walls  of  the  duct  sections  can  be  made  very  thin,  thereby 
saving  weight.    For  this  reason  they  have  to  be  handled  with  care.  A 
dent  or  scratch  will  weaken  the  duct  and  can  cause  it  to  crack.  This 
will  result  in  a  hot  air  leak,  or  rupture  of  the  ducting. 

Hot  air  leaks  are  very  dangerous  on  aircraft  as  the  hot  air  can 
burn  the  electrical  wiring  which  can  cause  systen  failure,  ignite 
flammable  materials,  or  soften  or  burn  through  structural  members. 
Ip  some  cases,  total  engine  failure  and  lofcs  of  flight  control  has 
occurred. 

Fill  in  the  blanks  to  complete  the  following  statements. 

1.      Duct  sections  are  held  together  by     . 


2.      Engine  bleed  air  ducting  is  made  of 


3.      To  make  it  possible  to  remove  and  reinstall  er^ne  bleed  air 
ducting  with  ease,  the  ducting  is  made  in  " 


One  precaution  to  observe  when  maintaining  the  bleed  air 
system  is  to  handle  the  __  with  care. 
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Answers  to  Frame  5:    1.    duct  couplings     2.    stainless  steel 

3*    short  sections      4.  ducting 


Frame  6 

Most  of  the  stainless  steel  duct  sections  are  rigid.    For  this 
reason  a  means  is  needed  which  will  allow  for  variations  in  duct 
length  and  for  movement  of  the  ducts. 

The  duct  length  will  change  with  temperature  changes.  Increases 
in  temperature  will  cause  the  duct  to  expand.  This  is  called  thermal 
expansion. 

Thermal  compensators  are  used  to  allow  for  duct  movement  caused 
by  thermal  expansion  and  contraction. 

A  thermal  compensator  is  shown  below.  This  part  is  made  up  of 
a  flexible  bellows  that  allows  for  linear  (lengthwise)  movement  and 
a  ball  and  swivel  joint  that  allows  for  angular  (sideways)  movement. 

The  inner  tube  (2)  is  connected  to  the  outer  chamber  (1)  by  the 
bellows  (3) .    The  duct  is  connected  to  the  inner  tube.    If  the  duct 
moves  due  to  expansion,  the  flexible  bellows  will  allow  the  inner 
tub*  to  move  inside  the  compensator. 

On  the  opposite  end  of  the  compensator,  the  duct  is  connected 
to  the  swivel  joint.    The  swivel  joint  (4)  allows  the  ducting  to  move 
angular  (sideways)  approximately  5  degrees. 


© 


1  OUTER  CHAMBER 

2  INNER  TUBE 

3.  BELLOWS  ASSY 

4  Swivel  joint 


Figure  4.    Thermal  Compensators. 
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Frame  6  (Continued) 
Fill  in  the  blanks  to  complete  the  following  statements. 

1.  An  increase  in  temperature  will  cause  the  ducting  to   

2.  Movement  of  the  bleed  air  ducting  due  to  thermal  expansion 
or  contraction  is  compensated  for  by  the 

 • 

3.  The  swivel  joint  allows  for      of  the 

ducting. 
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Answers  to  Frame  6:    1.    expand      2.     thermal  compensator 

3.    angular  movement 


Frame  7 

When  a  ducc  section  is  removed  during  maintrt  nance  and  a  new 
section  is  installed,  it's  possible  the  ducting  will  not  fit  together 
the  same  as  the  old  section  did.    Duct  length  may  vary  slightly. 

Ambient  (surrounding)  temperature  changes  may  cause  variation 
in  the  aircraft  structure  and  the  bleed  air  ducting  due  to  the  dif- 
ference in  expansion  rates  of  different  metalc.    This  can  make  it 
difficult  to  align  the  ducting  and  to  insure  a  leak  proof  connection. 

Tolerance  compensators  are  installed  in  the  system  to  compensate 
for  variations  in  duct  length. 

The  tolerance  compensator  is  shown  below.    This  unit  consists  of 
a  bellows  section  for  flexibility  and  a  threaded  section  that  allows 
the  maintenance  man  to  adjust  the  duct  length  .    This  is  done  by 
screwing  the  threaded  section  in  to  shorten  the  tolerance  compensator, 
or  out  to  make  it  longer. 


TOLERANCE  COMPENSATOR 


Figure  5.    Tolerance  Compensator . 

Fill  in  the  blanks  to  complete  the  following  statements. 

1.      If  the  duct  sections  do  not  align  properly,  the  maintenance 
technician  should  adjust  the     . 


2.      The  purpose  of  the  tolerance  compensator  is  to  allow  for 
 in  duct  length. 
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Answers  to  Frame  7:    1.    tolerance  compensator      2.  variations 


Frame  8 

There  are  several  types  of  clamps  and  couplings  used  to  join 
duct  sections  together  and  to  attach  the  units  such  as  compensators 
and  control  valves. 

Four  different  couplings  used  in  the  bleed  air  system  are  shown 
below.  They  are  the  Marman  V  band,  Marman  Conoseal,  Marman  Jll,  and 
Janitrol  couplings. 

Notice  that  the  Marman  couplings  use  gaskets  to  make  an  air  tight 
seal  between  the  ducts,  while  the  janitrol  coupling  does  not. 

The  Janitrol  coupling  is  designed  to  make  the  joint  air  tight  by 
pulling  the  duct  flanges  together  to  form  a  metal  to  metal  seal. 

Care  must  be  taken  to  insure  the  flanges  on  this  coupling  are  not 
bent  or  nicked  during  maintenance,  as  a  damaged  flange  will  cause  an 
air  leak. 


Fl^XITALLIC  GASKfT- 


fAARMAN  V  BAND  COUPLING 


GASKET 

MARMAN  CONOSEAL  COUPLINGS 


coupling 
MARMAN  Jtt  JOINT  COUPLINGS 


coupling 
JANITROL  COUPLINGS 


Figure  6.    Duct  Section  Couplings. 
Fill  in  the  blanks  to  complete  the  following  statements. 
1.      Duct  sections  are  held  together  by   


2.  An  air  tight  seal  is  formed  in  the  Marman  coupling  by  the 

3.  An  air  tight  seal  is  formed  in  the  Janitrol  coupling  by  the 
flanges  forir  «ng  a   to    seal. 

4.  A  leak  at  a  janitrol  coupling  could  be  caused  by  a  damaged 
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Answers  to  frame  8:    1.    duct  couplings      2.  gaskets 

3,    metal  to  metal      4.    f langa 

Frame  9 

Each  of  the  couplings  shown  in  figure  6  will  be  referred  to  as  a 
"V"  (Vee)  band  coupling  or  clamp.    This  will  be  the  general  flight  line 
terminology  that  you  will  encounter.    They  are  called  V-band  couplings 
because  of  their  V  shape. 

The  sketch  shown  (figure  7)  identifies  some  of  the  parts  of  a 
V-band  coupling.    Notice  the  "T"  bolt  and  quick  coupler  latch.  This 
permits  disconnecting  the  coupling  without  complete  removal  of  th.*  nut. 


Figure  7.    Components  of  a  V-band  Coupling. 

The  V-band  couplings  are  normally  used  where  the  pressure  and 
temperature  are  high,  such  as  in  the  bleed  air  manifold  ducting  and 
the  ducting  leading  to  the  air  conditioning  package. 

Fill  in  the  blanks  to  complete  the  following  statements. 

1.      Couplings  having  a  V  shaped  groove  that  fits  over  the  duct 
flanges  are  normally  called     


2.      Couplings  used  on  the  ducting  carrying  the  bleed  air  to  the 

equipment  refrigeration  unit  would  be  of  the   

  type. 
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Answers  to  Frame  9:    1.    V  bang  couplings         2.    V  band 

Frame  10 

The  gaskets  used  with  the  Marman  V-band  couplings  are  made  of  a 
metal  wire  molded  into  an  asbestos  material.    These  gaskets  are  called 
flexitallic  gaskets. 

The  gaskets  used  with  the  Marman  Conoseal  couplings  are  cone 
shaped  stainless  steel  gaskets. 

The  gaskets  used  with  the  Marman  Jll  are  made  of  a  copper  alloy 
and  are  formed  to  fit  machined  grooves  in  the  duct  flanges. 

Each  of  the  gaskets  are  designed  to  fit  a  specific  type  of  the 
duct  connection  and  can  not  be  interchanged. 

When  a  duct  connection  is  loosened,  or  removed  and  replaced,  new 
gaskets  must  be  installed. 

To  prevent  damage  to  the  gaskets  they  must  be  handled  with  care. 
Hot  air  leaks  can  take  place  at  the  couplings  if  the  gasket  is  damaged 
or  if  the  gasket  is  not  put  in  properly. 

Proper  installation  means  having  the  duct  flanges  aligned  so  the 
flanges  mate  properly,  insuring  the  coupling  is  oi:  the  connection 
straight,  and  torquing  the  coupling  to  the  torque  value  specified  by 
the  applicable  technical  order. 

Fill  in  the  blanks  to  complete  the  following  statements. 

1.      The  material  used  in  the  gaskets  for  Marman  V  band  couplings 
is  metal  and 


2.  Whenever  a  duct  connection  is  disconnected,  a  new   

should  be  installed. 

3.  A  leak  at  a  Marman  V-band  coupling  could  be  caused  by  a 
defective 
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Answers  tc  Frame  10:    1.    asbestos         2.    gasket         3.  gasket 


Frame  11 

The  sketch  below  shows  two  additional  types  of  couplings.  These 
are  the  Marman  Channel  Band  and  Rubber  Teck  couplings.    Couplings  of 
this  type  are  not  used  in  the  hot  bleed  air  system.    They  are  used  in 
the  air  conditioning  system  where  the  pressure  and  temperature  have 
been  reduced. 

To  form  an  air  tight  seal,  the  rubber  teck  couplings  uses  a 
synthetic  mbber  seal.    The  Marman  Channel  Band  coupling  uses  a  fiber- 
glas  reinforced  rubber  sleeve.    When  installing  these  couplings  the 
maintenance  man  must  insure  their  proper  alignment. 


MARMAN  CHANNEL  BAND  COUPLINGS  RUBBER  TECK  COUPLINGS 


Figure  8.    Air  Conditioning  System  Couplings. 
Fill  in  the  blanks  to  complete  the  following  statements. 

1.  The  Marman  Channel  Band  coupling  is  normally  used  where  the 
pressure  and   have  been  reduced. 

2.  An  air  tight  seal  is  formed  in  the  Rubber  Teck  coupling  by  a 
rubber    and  in  the  Marman  Channel  Band  by  a  rubb 
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Answers  to  Frame  11:    1.    temperature         2.    seal  sleeve 


Frame  12 


Some  maintenance  on  the  bleed  air  system  requires  you  to  take  off 
and  put  on  the  duct  sections  of  some  parts.    This  means  you  will  remove 
and  install  duct  couplings. 

When  a  duct  coupling  is  put  on  it  must  be  tightened  to  a  specific 
value.    How  can  you  tell  when  it's  tight  enough?    This  is  one  place  you 
must  use  a  torque  wrench. 

The  exact  torque  value  to  use  will  change  with  the  type  and  size 
of  the  clamp  or  coupling.  When  torquing  couplings,  you  must  refer  to 
the  chart  of  torque  values  in  the  technical  order  for  the  aircraft  on 
which  you're  working. 

For  example,  on  the  F-4C  aircraft,  the  torque  value  for  a  4  inch 
Marman  V  band  coupling  is  35  to  40  inch  pounds.    A  4  inch  Marman 
Conoseal  coupling  is  torqued  to  120  to  140  inch  pounds. 

To  stop  complet .  separation  of  the  connection  in  case  of  a  !,Tfl 
bolt  failure,  the  couplings  are  safety  wired.    The  sketch  shows  a  duct 
coupling  with  the  safety  wire  installed. 

Note:    This  is  a  doubla  stranded,  twisted  safety  wire. 

When  installing  couplings,  you  will  have  to  check  the  applicable 
technical  order  to  determine  specific  procedures  for  safey  wiring 
couplings. 


Figure  9.    Coupling  Safety  Wired. 

Fill  in  the  blanks  to  complete  the  following  statements. 

1.      When  duct  couplings  are  replaced,  they  must  be  tightened 
to  a  specific   value. 


To  determine  the  proper  torque  value ,  you  should  refer  to 
the    ======   the  technical  order. 


To  determine  if  a  coupling  should  be  safety-wired  you 
should  check  the  applicable  t^r  craft     
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Answers  to  Frame  12:    1.    torque         2.    torque  chart 

3.    technical  ordet 

Frame  13 

The  following  information  gives  3ome  general  guidelines  that 
must  be  followed  when  working  with  ducting  and  couplings. 

1.  Preinstallation  checks : 

a.  Exercise  particular  care  during  handling  and  installing 
ducts  to  ensure  that  flange  faces  are  not  scratched,  distorted,  or 
deformed. 

b.  Use  protective  flange  caps  on  the  ends  of  all  duels 
until  the  installation  progresses  to  the  point  where  removal  of 
the  cap  is  essential  to  the  installation. 

c.  Clean  the  flange  faces  and  inspec'  them  every  time  a 
clamp  is  removed.    Clean  the  flange  faces  by  wiping  with  a  clean 
cloth.    Do  not  use  a  wire  brush  to  remove  dirt. 

2.  Installation; 

a.  Check  the  part  number  to  ensure  the  proper  coupling  is 
being  installed. 

b.  When  reinstalling  a  used  coupling,  visually  check  it 
for  spreading  of  the  V  section,  broken  spot  welds,  worn  T-boit  ihreads, 
bent  T-bolt,  ard  freedom  of  movement  of  the  latch  and  trunion. 

c.  When  gaskets  are  used,  use  care  to  avoid  nicks  rr  burrs 
on  the  gasket  surfaces.    Whenever  a  joint  is  disassembled,  a  new  gasket 
should  be  used  when  rsassembling.    Ensure  the  gasket  is  properly 
seated. 

d.  Determine  the  correct  torque  for  the  T-bolt  by  referring 
to  the  applicable  technical  order. 

e.  Tighten  the  nut  to  about  2/3  of  the  specified  torque, 
then  tap  the  coupling  lightly  with  a  plastic  mallet.  Continue 
alternately  torquing  and  tapping  until  the  torque  wrench  stabilizes 
at  the  specified  value. 

t.      Safety  wire  the  T-bolt  as  directed  by  the  applicable 
technical  manual. 

NO  RESPONSE  REQUIRED 
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Frame  14 

Read  each  statement  below,  then  mark  each  one  T  (true)  or  F  (false). 

_1.      Angular  movement  and  linear  growth  due  to  thermal  expansion 
is  compensated  for  by  the  thermal  compensator. 

_2.      The  ball  joint  on  the  thermal  compensator  allows  for  angular 
movement . 

_3.      The  thermal  compensator  is  used %to  adjust  for  variations  in 
duct  length  during  maintenance. 

_4.      To  align  the  ducts  when  installing  a  new  section  of  ducting, 
the  maintenance  man  can  adjust  the  tolerance  compensator. 

_5.      The  gaskets  used  with  the  Marman  couplings  must  be  replaced 
each  time  the  connection  is  loosened. 

_6       A  damaged  gasket  could  cause  an  air  leak  in  a  Janitrol 
coupling. 

_/.      Couplings  are  used  to  join  duct  sections  and  control  units 
to  the  duct. 

_8.      The  Marman  Channel  Band  couplings  use  a  sleeve  to  form  an 
air  tight  seal. 

_9.      Maruan  Channel  Band  couplings  are  used  in  the  hot,  high- 
pressure  bleed  air  system  to  attach  units  to  the  ducts. 

10.  When  installing  duct  couplings,  the  maintenance  man  must 
tighten  them  with  a  torque  wrench. 

11.  To  determine  the  proper  torque  value  for  a  duct  coupling, 
you  should  refer  to  the  technical  order. 

12.  An  air  leak  at  the  duct  coupling  could  be  the  tesult  of  a 
damaged  gasket,  or  an  improperly  torqued  coupling. 
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Answers  to  Frame  14:       T    1.    _T    2.       F    3,       T    4.       I  5. 


F    6.       T_7.       T    8,       F_9.       I  10. 


T    11.       T  12. 


Frame  15 

Since  the  air  passing  through  the  bleed  air  ducting  is  extremely 
hot,  the  heat  from  the  duct  can  damage  nearby  equipment.  If  touched, 
the  hot  ducting  can  cause  injury  to  maintenance  personnel. 

To  stop  damage  to  equipment  and  to  protect  the  maintenance 
personnel  the  engine  bleed  air  ducting  is  insulated. 


Four  different  types  of  insulation  are  used;  they  are:  fiberglas 
blankets,  metal  foil,  fiberglas  tape,  and  preformed  fiberglas. 


Figure  10.    Bleed  Air  Duct  Insulation. 

The  fiberglas  blanket  insulation  is  made  up  of  fiberglas  covered 
with  a  fabric  material  ar    sewn  together  with  a  fiberglas  thread. 
Td  blankets  are  made  r,         specific  sections  of  ducting  or  valves, 
ihe  ends  are  clamped  "  luct  with  a  metal  band  clamp. 

The  metal  foil  insulation  is  made  up  of  fiberglas  with  a  thin 
metal  f?il  covering  on  each  side.    Each  piece  of  this  insulation  is 
made  .  o  cover  specific  sections  of  ducting  or  certain  units.  There 
is  also  a  pi^  s  of  this  metal  foil  insulation  covering  the  refrigera- 
tion unit  he  .t  exchanger.    This  insulation  is  held  in  place  with 
safety  wire  laced  around  small  metal  studs  along  joining  edges. 

The  fiberglas  tape  is  a  material  that  is  approximately  2  inches 
wide  and  is  simply  wrapped  on  the  duct  and  held  in  place  with  a 
special  thermosetting  tape.    This  insulation  is  used  on  some  of  the 
smaller  sections  of  ducting. 


22 


1357 


Frame  15  (Continued) 
Fill  in  the  blanks  to  complete  the  following  statements 

1.  To  prevent  heat  damage  to  adjacent  equipment  and  injury  to 
personnel,  the  bleed  air  ducting  is   t 

2.  The  four  types  of  insulation  used  on  hot  air  ducts  are 

fiberglas   ,  metal   , 

fiberglas  and    fiberglas. 

3.  Metal  foil  insulation  is  held  in  place  with   
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Answers  to  Frame  35:    1.    insulated      2.    blankets,  foil,  tape,  preformed 

3.    safety  wire 


Frame  16 


The  illustration  below  shows  insulation  installed  on  a  section 
of  ducting.    Number  1  points  to  the  preformed  f iberglas  insulation 
(our  fourth  type)  and  number  2  points  to  metal  foil  insulation. 


The  preformed  fibe  slas  insulation  (1)  shown  above,  is  a  solid 
piece  that  is  formed  to  fit  specific  installations  such  as  around 
a  duct  or  compensator.    This  insulation  is  usually  made  in  two  pieces 
(halves)  and  is  held  together  on  the  duct  by  insulation  c"    \ps  and 
thermosetting  tape. 

The  metal  foil  insulation  (2)  above,  is  the  same  material  as  the 
metal  foil  explained  ?n  the  previous  frame.    This  sketch  shows  the 
insulation  on  a  section  of  ducting.    Notice  how  the  safety  wire  is 
laced  to  hold  the  insulation  in  place. 

The  metal  foil  insulation  is  also  used  in  the  form  of  an  insulation 
strap  to  cover  duct  couplings.    The  metal  foil  insulation  strap  is  shown 
below.    The  insulation  straps  are  held  in  place  with  safety  wire.  Notice 
in  the  sketch  that  the  insulation  strap  is  designed  with  a  slotted  area 
for  the  coupling  bolt  (T  bolt)  to  fit  through. 


Figure  11.    Duct  InsulaMon. 


ClAMP 


Figure  12. 


Insulation  Strap. 
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Frame  16  (Continued) 

In  areas  where  the  ducting  or  a  coupling  is  not  covered  with 
insulation,  the  maintenance  man  must  use  caution  to  avoid  getting 
burned.  An  exposed  duct  coupling  can  become  extremely  hot  during 
operation  of  the  system. 

Fill  in  the  blanks  to  complete  the  following  statements. 

1.  The  insulation  used  on  bleed  air  ducting  consists  of   

and  foil  materials. 

2.  Metal  foil  insulation  straps  are  used  to  insulate  duct 


3.      One  precaution  to  observe  when  working  on  or  near  the  bleed 
air  ducting  is  to  avoid  touching  an  exposed  section  of  a 
_   or  an  exposed  duct   . 
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Answers  to  Frame  16:    1.    fiberglag  and  metal       2.  couplings 

3.    duct  coupling 

Frame  17 

A  leak  c*        <su8t  be  made  after  completion  of  repairs  or  whenever 
leaks  are  thought  to  exist  in  the  bleed  air  system. 

A  leak  check  on  the  bleed  air  system  requires  the  use  of  special 
duct  plugs,  adapter,  and  a  ground  air  compressor. 

The  plugs  are  put  in  at  several  points  in  the  system  to  isolate 
the  bleed  air  system  from  the  refrigeration  units,  boundary  layer 
control  system,  and  the  engines. 

The  adapter  is  put  in  at  one  of  the  engine  tapoffs.    Air  from 
the  air  compressor  is  put  through  the  adapter  to  pressurize  the  ducting. 

Excessive  leakage  is  found  by  pressurizing  the  system  to  a  speci- 
fied pressure,  then  monitoring  the  pressure  drop  over  a  set  period 
of  Hjne. 

As  an  example,  the  F-4  is  pressurized  to  250  psi,  then  the  uystem 
is  closed  off.    The  pressure  drop  is  timed  and  should  not  drop  below 
225  psi  in  five  minutes.    If  the  drop  is  greater,  then  the  leakage  is 
excessive.    The  point  of  leakage  can  be  located  by  sound  and  by  feel. 

After  this  part  of  the  leak  check  is  performed,  the  duct  plugs 
and  adapters  are  removed,  and  the  couplings  reinstalled.    These  couplings 
must  also  be  checked  for  leakage.    This  is  done  by  running  the  engines 
and  feeling  each  connection  for  leakage. 

Actual  performance  of  the  leak  test  requires  that  you  follow 
detailed  procedures  outlined  in  the  technical  order. 

When  performing  the  leak  test  yea  must  avoid  standing  near  or  in 
line  wiih  any    f  the  duct  plugs  while  the  system  is  pressurized.  Severe 
injury  ma;   result  if  a  plug  is  blown  out. 

Fill  in  the  blanks  to  complete  the  following  statements. 

1.      After  you  install  a  new  section  of  ductxng  you  must  perform 
a 


2.      When  performing  a  leak  test  of  the  bleed  air  system  you 
should  follow  the  procedures  outlined  in  the   


3.      When  performing  a  leak  test,  th<»  bleed  air  system  is 
isolated  by  using    . 
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Frame  17  (Continued) 


Duct  plugs  are  used  to  isolate  the   

system  for  the  leak  testing. 

Leakage  in  a  bleed  air  system  can  be  determined  by  timing 

the  


One  precaution  to  observe  when  performing  a  leak  test  is  to 

avoid  standing  in  line  with    

while  the  system  is  pressurized. 
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Answers  to  Frame  17:    1.    leak  test      2.    technical  order 

3»    duct  plugs     4.    bleed  air 
5 .    pressure  drop     6 .    duct  plugs 

Frame  18 

There  are  several  safety  precautions  that  you  must  follow  while 
working  on  the  bleed  air  system.    These  precautions  are  to  protect 
the  equipment,  to  protect  you  and  other  maintenance  personnel,  and 
to  insure  the  aircraft  is  safe  to  fly.    Some  of  these  precautions 
are  listed  below. 

1.  Extreme  care  should  be  used  to  avoid  denting  or  scratching 
the  ducts  when  these  ducts  are  removed  or  installed.    A  dent  or 
scratch  could  weaken  the  duct  and  cause  the  duct  to  rupture. 

2.  Use  care  when  installing  ducting  with  janitrol  couplings  to 
avoid  damaging  the  flanges.    A  damaged  flange  will  cause  an  air  leak. 

3.  All  coupling  gaskets  and  seals  should  be  handled  with  care. 
Damage  to  the  gaskets  or  seals  can  result  in  a  severe  air  leak  which 
could  damage  the  aircraft  or  adjacent  equipment. 

4.  Always  install  a  new  gasket  whenever  a  duct  connection  is 
loosened • 

5.  Torque  each  coupling  to  the  value  sp^ified  by  the  technical 
order • 

6.  Avoid  touching  or  otherwise  coming  in  contact  with  the  exposed 
ducts  and  duct  joints. 

7.  Do  not  stand  near  or  in  line  with  the  bleed  air  duct  plugs 
when  performing  a  bleed  air  system  leak  test.    You  could  get  hurt  if  a 
plug  blows  out  while  under  pressure. 

Fill  in  the  blanks  to  complete  the  following  statements. 

1.      To  determine  the  torque  values  for  duct  couplings,  you  ahould 
refer  to  the 


2.      Whan  installing  a  new  Marman  coupling,  you  should  install  a  new 


3.  An  air  leak  at  a  duct  coupling  could  be  caused  by  a  damaged 
  or  an  improperly  coupling. 

4.  Ducting  should  be  handled  with  care  to  avoid    or 


5.      Precautions  to  observe  when  maintaining  the  bleed  air  system 

require  that  you  avoid    the  hot  air  ducts  and 

standing  in  line  with     . 
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Answers  to  Frame  18:    1.    technical  order      2.  gasket 

3.    gasket    torqued      4.     denting  or  scratching 
5.    touching    duct  plugs 

Frame  19 

Read  the  following  statements,  then  mark  them  T  (true)  or  F  (false). 

 !•  coupling  shown  in  figure  13  is  used  to  join  sections  of 

ducting  in  the  bleed  air  system. 


Figure  13 


The  coupling  shown  in  figure  14  is  used  to  attach  units  to 
the  ducts  in  the  hot  bleed  air  system. 


Figure  14. 


_3.  To  prevent  possible  air  l?aks,  the  gaskets  used  with  the 
duct  couplings  should  be  replaced  each  time  the  coupling 
is  loosened. 

_4.  To  prevent  possible  injury,  maintenance  personnel  should 
avoid  -oming  in  contact  with  hot,  exposed  duct  coupling*?. 

__5.      All  duct  coupling  seals  and  gaskets  should  be  handled  with 
rare  to  prevent  possible  damage. 

_6.      To  prevent  stripping  the  nut  and  bolt  on  the  couplings,  the 
nut  is  tightened  only  hand  tight. 

_7.      An  air  leak  at  the  coupling  could  be  caused  by  a  gasket 

damaged  during  handling  or  an  improperly  installed  gasket. 

_8.      Couplings  using  a  rubber  seal  or  sleeve  are  designed  for  use 
on  ducts  carrying  hot,  high-pressure  air. 

_9.      All  clamps  must  be  tightened  to  technical  order  specification 
with  a  torque  wrench. 

10.      Asbestos  material  is  used  to  insulate  all  bleed  air  ducts. 
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Frame  19  (Continued) 

 11.     Duct  couplings  are  Insulated  with  a  metal  foil  strap. 


12.  The  bleed  air  ducting  is  insulated  to  prevent  heat  damage 
to  adjacent  equJxn^nt. 

13.  Metal  foil  and  preformed  flberglas  are  two  types  of  duct 
insulation. 


Place  the  lecter  of  the  unit  shown  below  in  the  blank  space 
opposite  the  statement  that  identifier  the  purpose  of  the  unit. 

 14.      Permits  linear  growth  of  a  duct  caused  by  thermal  expansion 

and  allows  angular  movement  of  the  ducting. 

 15.      Permits  the  necessary  adjustments  during  maintenance  of  the 

bleed  air  system. 


[THREADS 
TOLERANCE  COMPENSATOR 


BALL 
SWIVEL 
JOINT 


THERMAL  COMPENSATOR 

Figure  15. 
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Answers  to  Frame  19: 


T 

1. 

F 

2. 

r 

3. 

T 

4. 

T 

5. 

F 

6. 

T 

7. 

F 

8. 

T 

9. 

F 

10. 

T 

11. 

T 

12. 

T 

13. 

B 

14. 

A 

15. 
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DECADE  RESISTORS 

OBJECTIVES 

Given  an  illustration  of  the  panel  face  of  the  decade  resistor  with 
©redetermined  control  settings,  compute  a  minimum  of  3  out  of  4  decade 
switch  control  settings  for  designated  switches  into  total  ohm  resistance. 

INSTRUCTIONS 

Do  not  start  this  workbook  unless  you  have  satisfactorily  completed 
the  programmed  text  PT-202  and  have  achieved  the  objective.    You  will  only 
use  a  lead  pencil  to  complete  this  workbook.    Do  not  start  this  workbook 
without  one. 

You  may  separate  the  pages  of  this  workbook  if  you  desire.    You  will 
find  definitions  on  this  page  of  this  workbook.    Be  sure  yoy  know  these 
definitions. 

When  you  go  to  another  page,  figure,  etc.,  be  sure  you  follow  the 
instructions.    You  will  be  required  to  complete  the  exercises  as  given. 
After  the  exercises  are  properly  completed,  you  will  be  assigned  a 
performance  test.    You  will  be  required  to  complete  the  performance  test 
in  accordance  with  instructions  provided  and  meet  the  minimum  performance 
standards  given  in  the  above  objective.    If  you  do  not  understand  the 
above  objective,  see  your  instructor  at  this  time. 

DEFINITIONS 

Read  these  definitions  below  so  you  will  have  a  better  understanding 
of  the  subject  you  are  studying. 

Decade  Switch  Control  Setting  -  These  are  numbers  you  will  find  around  the 
outside  of  each  switch.  These  range  from  0  through  10.  See  figure  1 
on  page  4. 

Decade  Switch  Designation  -  This  is  written  below  each  switch  on  the  panel 
face.    See  figure  1,  page  4. 

Decade  Switch  Total  Ohms  -  This  is  the  total  ohms  value  for  only  one 
switch. 

Decade  Total  Ohms  -  This  is  the  total  resistance  value  which  the  decade 
box  is  set  for. 

MEG  -  This  is  the  abbreviation  for  megohm.    Megohm  is  one  million  ohms 
(1,000,000). 

If  you  have  any  questions  about  the  above  definitions,  see  your 
instructor,. 


Supersedes  C3ABR42331-WB-200,  25  June  1982. 
0PR:     3370  TCHTG 
DISTRIBUTION:  X 
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In  the  following  exercises  you  will  be  instructed  on  how  to  compute 
the  decade  switch  designations  and  control  settings  into  decades  total 
ohms  values.    This  will  be  achieved  by  using  tne  given  illustrations  of 
the  decade  panel  face  shown  with  predetermined  control  settings. 

PERFORMANCE  EXERCISE  1 

You  will  find  figure  1  decade  switch  control  settings  will  also  be 
shown  in  figure  2  beside  each  decade  switch  designation.    Compare  what  you 
will  find  in  figure  1  to  figure  2.    You  will  only  study  this  exercise  and 
not  be  required  to  make  any  entries. 

The  (X)  in  the  decade  switch  designation  in  figure  2  and  on  the  panel 
face  of  figure  1  means  to  multiply  the  decade  switch  control  setting  times 
the  decade  switch  designation  to  find  the  decade  switch  total  ohms.  After 
you  have  found  each  decade  switch  total  ohms  you  must  add  these  totals  to 
find  the  total  decade  value  of  5,000,360.2  ohms. 

Example  for  switch  one  (X0.1),  figure  1.    The  decade  switch  control 
setting  for  (X0.1)  from  figure  1  was  placed  in  its  column  in  figure  2. 
Multiply  times  the  decade  switch  designation  (X0.1)  for  an  answer  of  0.2 
ohms,  for  the  decade  switch  total  ohms.    This  same  procedure  is  followed 
for  the  rest  of  the  nine  switches.    Then  all  the  decade  switches  total  ohms 
are  added  for  tha  dacade  total  ohms  of  5,000,360.2  ohms. 

Study  each  one  of  the  figures  and  if  you  understand  the  exercise,  go 
on  to  Exercise  2.     If  you  do  not  fully  understand  the  information  above 
and/or  the  two  figures,  s^e  your  instructor  at  this  time. 


Decade  Switch 
control  oetting 

Decade  Switch 
Designation 

Decade  Switch 
Total  Ohms 

n 
u 

y  in  Mt?r» 
A  ±  U  riLb 

0.0 

D 

A  ±  WLU 

j, 000, 000.0 

u 

y  1 nn  nnn 
A  lUUyUUU 

0.  0 

n 
u 

y  in  nnn 

A  lUyUUU 

n  n 
0.0 

u 

v  i  nnn 
A  19UUU 

0.0 

y  1  nn 
A  1UU 

300.0 

O 

v  in 
A  IU 

60.0 

U 

V  1 

A  I 

0.0 

2 

X  0.1 

0.2 

 5,000,360.2  Ohms 

Figure  2 


Note:  Be  sure  you  have  all  of  the  DECIMAL  points  in  a  straight 
column. 
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PERFORMANCE  EXERCISE  2 


This  performance  exercise  will  help  you  learn  and  practice  how  to 
compute  the  decade  switch  designations  and  control  settings  into  decade 
total  ohms.    This  will  help  you  meet  the  minimum  standards  required  in  the 
objective  to  pass  this  performance  test. 

First  you  write  the  decade  switch  control  setting  found  in  figure  3  in 
the  decade  switch  control  setting  column  in  figure  4  for  all  nine  switches. 
Then  in  figure  4,  multiply  the  decade  switch  control  setting  times  the 
decade  switch  designation  and  write  this  answer  in  the  decade  switch  total 
ohms  column.    Now  add  up  all  nine  of  the  ohms  and  record  it  in  figure  4. 

Note:    Be  sure  you  have  all  of  the  decimal  points  in  a  straight 
column  as  shown  in  figure  2  for  all  your  future  work. 

After  you  have  completed  figures  3  and  4,  check  your  work  against  the 
correct  answers  given  in  this  book  on  page  8.  If  your  work  is  correct  and 
you  don't  have  any  questions,  you  will  start  Exercise  3. 
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EXERCISE  2 


Figure  3. 


Decade  Switch                    Decade  Switch 
Control  Setting  Designation 

Decade  Switch 
Total  Ohms 

X  10  MEG 

X  1  MEG 


X  100,000 
X  10,000 
X  1,000 
X  100 


X  10 


X  1 


X  0.1 


Decade  Total  Ohms 


ERIC 


Figure  4, 
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Correct  answers  to  Exercise  2. 


Decade  Switch 
Control  Setting 

Decade  Switch 
Designation 

Decade  Switch 
Total  Ohms 

4 

X  10  MEG 

;o, 000, 000.0 

2 

X  1  MEG 

2,000,000.0 

3 

X  100,000 

300,000.0 

3 

X  10,000 

30,000.0 

1 

X  1,000 

1,000.0 

3 

X  100 

300.0 

5 

X  10  j 

50.0 

7 

X  1 

7.0 

9 

X  0.1 

.9 

Decade  Total  Ohms 

42,331,357.9  Ohms 
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PERFORMANCE  EXERCISE  ? 


You  must  do  this  performance  exercise  in  the  order  given.     If  you  have 
any  questions  about  the  decade  switch  or  the  exercise,  you  should  ask  your 
instructor  during  this  exercise. 

You  will  be  assigned  at  least  three  problems  to  do  in  this  exercise. 
Af*  t  you  complete  them,  your  instructor  decides  if  you  must  complete  an 
additional  three  before  any  further  progress  is  assigned. 

After  you  have  completed  the  first  three  problems,  given  the  completed 
workbook  to  your  instructor  for  evaluation  of  your  work.  If  the  instructor 
determines  you  are  ready  for  your  performance  test,  you  will  be  assigned  to 
take  the  performance  test  when  directed  by  the  instructor. 

If  your  instructor  determines  you  need  additional  practice  and  training, 
the  instructor  may  assign  problems  4,  5,  and  6  for  you  to  complete.  You 
will  complete  them  only  if  directed  by  the  instructor. 

Start  with  problem  1  and  complete  all  three  problems. 
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PROBLEM  1 


Figure  5. 


Decade  Switch 
Control  Setting 

Decade  Switch 
Designation 

Decade  Switch 
Total  Ohms 

X  10  MEG 

X  1  MEG 

X  100,000 

X  10,000 

X  1,000 

X  100 

X  10 

X  1 

^ 

X  0.1 

1 

 — j 

Decade  Total  Ohms 

Figure  6. 
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PROBLEM  2 


Figure  7. 


Decade  Switch 
.Control  Setting 

Decade  Switch 
Designation 

Decade  Switch 

Total  Ohms  Resistance 

X  10  MEG 

X  1  MEG 

X  100,000 

X  10,000 

X  1,000 

X  100 

X  10 

X  1  i 

1 

x  o.i  ! 

Decade  Total  Ohms  Resistance 
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Figure  8. 
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PROBLEM  3 


Figure  9. 


Decade  Switch 
Control  Setting 

Decade  Switch 
Designation 

Decade  Switch 
Total  Ohms 

X  10  MEG 

X  1  MEG 

X  100,000 

X  10,000 

X  1,000 

X  100 

X  10 

X  1 

X  0.1 

Decade  Total  Ohms 

Q  Figure  10. 
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STOP! 

Aftar  the  three  problems  are  completed,  show  your  work  to  your 
instructor. 

Your  instructor  will  sign  off  one  of  the  following  for  you  to  comply 

with. 

Go  to  page  18   

Do  practice  problems  4,  5,  and  6  in  the  same  way  as 

you  were  instructed  to  do  1,  2,  and  3  problems.  

Note:    If  you  have  any  questions,  see  your  instructor  at  this 
time. 


PROBLEM  4 


Figure  11. 


Decade  Switch 
Control  Setting 


Decade  Switch 
Designation 


X  10  MEG 


X  1  MEG 


Decade  Switch 
Total  Ohms 


X  100,000 


X  10,000 
X  1,000 


X  100 


X  10 


X  1 
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Figure  12. 
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PROBLEM  5 


Figure  13. 


Decade  Switch 
Control  Setting 


Decado  Switch 
Designation 


Decade  Switch 
Total  Ohms 


X  10  MEG 


X  1  MEG 


X  100,000 

X  10,000 

X  1,000 

X  100 


ERIC 


X  10 


X  1 


X  0.1 


Decade  Total  Ohms 


Figure  14. 
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PROBLEM  6 


Figure  15. 


Decade  Switch 
Control  Setting 

Decade  Switch 
Designation 

Decade  Switch 
Total  Ohms 

X  10  MEG 

X  1  MEG 

X  100,000 

X  10,000 

X  1,000 

X  100 

X  10 

X  1 

X  0.1 

)ecade  Total  Ohms 

Figure  16. 
16 
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STOP! 

After  you  have  completed  problems  4,  5,  and  6,  you  must  have  them 
checked  by  the  instructor . 

The  instructor  may  at  this  time  allow  you  to  progress  to  the 
performance  test  if  the  instructor  has  signed  you  off  below. 

Student  is  ready  for  performance  test   


Student  is  not  ready  for  performance  test  and  will  follow  instructions 
as  given  by  the  instructor  . 


17 
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PERFORMANCE  TEST  INSTRUCTIONS 

1.  Remove  this  page  an**  the  next  page  and  write  your  name  on  them. 

2.  Take  these  two  pages  and  all  ?•£  your  workbook  to  your  instructor. 

3.  Insure  your  instructor  has  your  daily  record. 

4.  Read  the  performance  test  instructions  provided  for  you  by  your 
Instructor. 

If  you  have  read  all  of  them  and  unders U ad  themf  initial  here 
 and  immediately  

5.  Ask  the  instructor  to  initial  below  so  you  may  start  the  pr  rormance 
tept.    Do  not  start  the  performance  test   intil  the  Inst rut  has 
initialed  6  below  and  has  also  written  the  performance  uuaber 
on  the  next  page. 

6.  Instructor  initials   for  you  to  start  performance 

test. 


Student* 8  Name 


Note:    Items  below  completed  by  the  instructor. 
STAR      .ME   AND  DATE 


UNSATISFACTORILY  COMPLETED 
RETAKE  YES  NO 


START  TIME    AND  DATE 


SATISFACTORILY  COMPILED 
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PERFORMANCE  TEST  WORKSHEET 

PERFORMANCE  TEST  NUMBER 
PROBLEM 


Decade  Switch 
Control  Setting 

Decade  Switch 
Designation 

Decade  Switch 
Total  Ohms 

X  10  MEG 

X  1  MEG 

X  100,000 

X  10,000 

X  1,000 

X  100 

X  10 

X  1 

X  0.1 

Decade  Total  Ohms 

PROBLEM  2 

Decade  Switch 
Control  Setting 

Decade  Switch 
Designation 

Decade  Switch 
Total  Ohms 

X  10  MEG 

X  1  MEG 

X  100,000 

X  10,000 

X  l.OuO 

X  100 

X  10 

X  1 

X  0.1 

Decade  Total  Ohms 

STUDENT'S  NAME 
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PERFORMANCE  TEST  WORKSHEET 

PERFORMANCE  TEST  NUMBER   

PROBLEM  3 


Decade  Switch 
Control  Setting 

Decade  Swlt"rh 

Designation 

UcLdUC  OWlLLn 

Total  Ohms 

X  10  MEG 

X  I  MEG 

X  100,000 

 !  ,  i 

X  10,000 

 "                   -  -   



X  1,000 

X  .100 

X  10 

X  1 

X  0.1 

Decade  Total  Ohms 

PROBLEM  4 

Decade  Switch 
Control  Setting 

Decade  Switch 
Designation 

Decade  Switch 
Total  Ohms 

X  10  MEG 

X  1  MEG 

X  100,000 

X  10,000 

X  1,000 

X  100 

X  10 

X  1 

X  0.1 

•Decade  Total  Ohms 

STUDENT'S  NAME 
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Environmental  Pneudraulics  Branch  C3ABR42331-WB-201B 
Chanute  AFB,  Illinois 

TEMPERATURE  CONTROL  PANEL  MINIMUM  PERFORMANCE  TEST 

OBJECTIVES 


Given  the  minimum  performance  test  procedures  and  related  electrical/ 
electronic  test  equipment,  perform  the  minimum  performance  test  and 
determine  the  serv  ceability  of  a  temperature  control  panel,  locating  a 
minimum  of  two  out  of  whree  troubles  correctly. 

EQUIPMENT 


Power  Bench  P/N  18  79  4534 
Power  Bench  UNIT-A 
Temperature  Control  Panel 
Multimeter 
Decade  Box 


Caution:  The  student  WILL  NOT  at  any  time  turn  ON  any  of  the 
three  (3)  power  switches  found  on  the  right  side  of  the  power 
bench • 


Caution:    DO  NOT  make  any  electrical  connections  until  instructed 
to  do  so.     DO  NOT  mix  your  leads,  cables,  etc.,  with  your 
neighbor's  equipment. 


Supersedes  ST  C3ABR42331-WB-201B,  6  April  1982. 
OPR:     3370  TCHTG 
DISTRIBUTION:  X 

3370  TCHTG/TTGU-P  -  400;  DAV  -  1 
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DEFINITIONS 


MINIMUM  PERFORMANCE  TEST  -  This  is  a  test  procedure  required  by  the 
manufacture  on  all  units  prior  to  installation  in  the  aircraft. 
This  applies  to  all  new  units  received  from  the  manufacturer,  to 
recently  overhauled  units,  ^nd  to  units  which  have  been  in 
storage.    It  is  not  necessary  to  dismantle  the  units  in  order  to 
carry  out  this  tes-        lis  is  not  done  on  the  aircraft  like  the 
cabin  refrigerate  •  function,  but  on  a  bench  without  the 

aircraft  circuit,     inis  is  to  insure  the  temperature  control  panel 
will  be  serviceable  before  installation  on  the  aircraft, 

CONTROL  CHARACTERISTICS  -  This  is  the  relationship  shown  by  a  graph  for 
the  HOT  and  COLD  signals  giving  the  deadband,  pulsing  and  full 
demands,  figure  11, 

UNIT  -  In  this  lesson  UNIT  is  the  same  as  TEMPERATURE  CONTROL  PANEL,  see 
figures  6  and  8. 

UNIT-A  -  Is  the  fighter  air  conditioning  test  set  (UNIT-A) ,  or  air 
conditioning  test  set,  see  figures  1  and  7, 

TEMPERATURE  CONTROL  PANEL  -  Same  as:     (Control,  Temperature,  Mag  Amp), 
(Temperature  Controller),  (Temp  Cont) ,  (Temperature  Control  Panel), 
(Cabin  Temperature  Controller),  see  figures  6  and  8, 

ADAPTER  CABLE  -  The  cable  used  to  connect  the  temperature  control  panel  to 
the  fighter  air  conditioning  test  set  (UNIT-A),  see  figure  3.  This 
cable  has  the  malfunction  UNIT-A  box  permanently  attached  for  training. 
The  malfunction  UNIT-A  box  would  not  be  attached  to  the  shops  cable  or 
found  outside  of  a  class  environment. 

AIR  CONDITIONING  TEST  SET  -  Same  as  fighter  air  conditioning  test  set  UNIT-A 
or  fighter  cabin  air  conditioning  test  set. 

FIGHTER  AIR  CONDITIONING  TEST  SET  -  Same  as  air  conditioning  test  set. 
DEPICTED  -  To  represent  by  a  picture. 

PARAMETERS  -  A  measured  value  which  expresses  performance. 

SIGNAL  -  Electrical  (voltage)  values  sent  to  loads.     (Example:    DS  lights, 
Motor  windings  (S-l). 

ABNORMAL  -  Not  normal,  the  position  of  the  switch  which  places  the  circuit 
in  a  condition  with  a  possible  electrical  defect. 

NORMAL  -  The  position  of  the  switch  which  places  the  circuit  in  a  condition 
with  no  electrical  defects. 

VALVE  -  Dual  temperature  mixing  valve  or  temperature  mixture  valve  motor. 


THE  FIGURES  START  ON  PAGE  32. 


Figure  6  -  Thi*  figure  is  provided  for  reference  when  needed.    You  will 
find  circuitry  of  the  bridge  inside  and  outside  of  the  temperature  control 


panel.  The  student  may  refer  to  the  wiring  diagram  given  in  figure  6.  This 
diagram  will  not  be  used  during  the  evaluation  unless  the  instructions  allow 
it  to  be  used. 

Note:     If  an  any  time  instructor's  initials  are  required  in  the  workbook, 
you  will  stop  and  request  the  instructor's  initials. 

In  this  workbook,  you  will  find  the  minimum  performance  test  procedures 
for  the  fighter  temperature  control  panel.    These  procedures  are  similar  to  • 
what  you  will  be  using  on  the  flightline.    The  fighter  temperature  control 
panel  (unit  to  be  tested)  is  the  same  one  used  for  the  auto  and  manual  4 
operation  of  the  dual  temperature  mixing  valve  on  the  aircraft  shown  in  figure  # 
5.    On  the  flight  line,  the  manufacturer  recommends  that  the  minimum  performance 
test  be  carried  out  on  all  temperature  control  panels  prior  to  installation  in 
the  aircraft. 

The  temperature  control  panel  is  shown  in  figure  8. 

Place  UNIT-A  (Fighter  Air  Conditioning  Test  Set)  in  front  of  you  on  the 
power  bench. 

Remove  the  lid  from  UNI1-A,  leave  the  wires  inside  UNIT-A,  until  instructed 
to  remove  tnem. 
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Section  1.  FAMILIARIZATION 


In  figure  7,  you  will  find  a  picture  of  '-he  tester  which  is  used  to  do 
the  minimum  performance  test.    This  tester  is  called  "Air  Conditioning  System 
Test  Set"  UNIT-A. 

UNIT-A  is  made  locally  and  for  school  use  only,  and  not  for  flight  line 
use.    On  the  flight  line  you  will  use  only  the  equipment  authorized  in  the 
technical  orders. 

Figure  7  shows  the  top  view  of  the  fighter  air  conditioning  test  set 
(UNIT-A).    TTNIT-A  has  a  control  panel  which  has  a  storage  area  on  its  right 
and  left.     The  adapter  cable  can  be  found  in  the  left  storage  area,  and  power 
cables,  test  leads  (red  and  black)  in  the  right  storage  area. 

Using  figure  4,  you  will  find  two  power  switches,  two  circuit  breakers, 
two  power  lights,  one  for  115V  AC  and  one  for  28V  DC.    The  power  switches  will 
control  power  to  the  tester  and  temperature  control  panel  under  test. 

The  sensor  (R-102)  is  where    he  decade  box  will  be  connected,  see  figure  4. 
The  decade  box  is  a  means  to  control  the  resistance  manually  in  place  of  the 
actual  sensor. 

The  Jl  Amplifier  Control  is  the  point  on  the  tester  where  the  adapter  cable 
is  connected  later  from  the  temperature  control  panel,  see  figures  3  and  4. 

The  defog/footheat  simulator  switch  (S-105)  in  figure  4,  is  electrically  the 
same  switch  as  the  defog  switch,  figures  6  and  12.    As  you  recall  this  switch  is 
in  the  bridge  circuit  as  shown  in  the  past  wiring  diagram.    This  is  also  the 
same  switch  which  is  controlled  by  the  footheat  and  defog  lever  on  the  trainer 
in  figure  5. 

In  figure  4,  the  DS-1  (cold)  and  DS-2  (hot)  lights  are  used  to  give  a  visual 
indication  if  a  voltage  is  leaving  the  temperature  control  panel.    Sometimes  the 
voltage  is  so  small  that  the  lamps  are  hard  to  see  come  on.     If  that  happens  a 
multimeter  may  need  to  be  used  at  the  TP  points  to  check  for  small  signals. 

DS  lights  coming  on  indicates  that  motor  windings  on  the  Dual  Temp  Mix  Valve 
are  receiving  the  signal.    Remember;  the  magnetic  amplifier  with  its1  feedback 
circuit  creates  and  regulates  the  pulse  voltages  going  to  the  valve  motor, 
which  in  turn  regulates  the  temperature  of  the  air  in  the  cabin. 

In  the  right  storage  compartment  of  figure  7,  is  one  black  and  red  test  lead 
used  to  connect  the  decade  box  to  the  sensor  (R-102),  the  green  jacks  on  the 
fighter  air  conditioning  test  set.    This  places  the  decade  box  in  place  of  the 
cabin  temperature  sensor  circuit  during  test.    This  will  allow  resistance  to  be 
manually  programmed  in  place  of  the  sensors  resistance.    Also,  in  the  right 
storage  compartment  are  two  black  power  leads  with  plugs  on  them.    One  is  for 
the  28V  DC  and  the  other  for  115V  AC  400  Hz  power.    These  plugs  will  allow  the 
tester  to  be  connected  to  the  power  bench. 
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Section  2.     CONTROL  CHARACTERISTICS 


PRELIMINARY 


Before  progression  to  Section  3,  the  following  MUST  be  understood. 
The  deadband  as  shown  in  figure  11,  is  between  points  C  and  A,  this  is 
also  called  the  control  point.    This  is  the  time  when  the  bridge  is 
normally  balanced.    During  the  deadband,  the  hot  and  cold  transistors 
are  off.    Remember,  the  deadband  occurs  when  the  bridge  is  balanced, 
and  this  results  in  no  power  to  the  temperature  mixture  valve  or  during 
test  no  power  to  the  DS  lights. 

Outside  the  deadband,  signals  are  sent  to  the  motor  or  DS  lights.  • 

Always  perform  the  minimum  performance  test  in  the  order  stated,  4 
otherwise  erroneous  readings  or  indications  may  be  obtained.  • 

A  unit  passing  the  minimum  performance  test,  which  is  free  from 
obvious  mechanical  defects,  may  be  put  into  service. 

A  unit  failing  the  minimum  performance  test  should  be  identified 
for  repair. 


Note:     Calibration  or  repair  will  not  be  part  of  your  training  here. 
The  various  operations  are  changes  in  resistance  in  the  bridge, 
resulting  from  changes  made  by  programming  the  decade  box  as  required. 

Note:    The  decade  resistance  box  is  in  place  of  the  sensor  during 
the  test. 

This  is  the  same  as  if  a  decade  box  were  connected  in  place  of  the 
sensor  at  points  "A11  and  ,!BM  of  the  cabin  temperature  sensor,  see  figure  6. 

During  a  "Pulsing  Demand'1  in  figure  11,  Part  b  either  (A  to  B)  or 
(C  to  D)  will  have  many  nPulse  Periods." 

During  a  "Pulse  Period,"  either  the  HOT  or  COLD  transistor  will  be 
OFF  and  the  other  ON. 


The  transistors  switches  on  and  off  repeatedly,  sending  a  series  of 
pulses  to  the  DS  lights  on  the  tester •  Remember ,  the  DS  1 ight s  are  used 
in  place  of  the  motor  windings  during  a  minimum  performance  test. 

The  pulse  period,  figure  11,  may  vary  in  length  of  time  as  determined 
by  the  magnetic  amplific*  circuits. 

The  pulse  period  which  is  made  of  the  TIME  ON  and  the  TIME  OFF,  may 
each  vary  in  time. 


For  Example:    Point  A  to  B  in  figure  11,  the  bridge  is  unbalanced. 
At  point  A,  the  Time  ON  is  very  short  compared  to  the  Time  OFF.    As  the 
resistance  increases  in  the  sensor  or  decaded,  the  time  on  becomes 
greater  and  time  off  becomes  less  near  point  B.    This  happens  while 
passing  through  the  pulsing  demand  area.    After  point  B,  the  voltage 
normally  goes  to  full  28V  DC  to  drive  the  valve  (Hot  DS  light  On)  to 
give  a  full  hot. 

During  the  pulsing  hot  demand,  the  cold  transistor  may  turn  on. 
This  signal  is  normally  not  as  strong  as  the  hot  signal.    This  is  caused 
by  the  feedback  circuit  and  aids  to  slow  down  the  rate  at  which  the  valve 
moves  ro  deliver  hot  air.    This  helps  create  the  pulsing  of  the  DS 
light(s)  or  on  the  aircraft  makes  the  valve  pulse. 
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See  figure  11,  Part  B  for  the  following: 


FULL  COLD  DEMAND  When  full  28V  DC  Is  applied  to  the  auto  cold  circuit 

leaving  the  temperature  control  panel.    The  cold  light 
during  test  will  be  on  steady  or  in  the  aircraft  the 
valve  will  run  full  cold.    This  is  always  caused  by 
an  unbalanced  bridge.     In  this  case  the  low  resist«uce 
in  the  sensor  circuit  or  during  test,  it's  the  decade 
resistance  causing  the  unbalanced  condition. 


PULSING  COLD  DEMAND  This  normally  happens  before  FULL  COLD  demand.  This 

is  where  the  cold  light  will  pulse,  or  in  the  aircraft 
the  valve  will  pulse  to  the  cold  position.  This 
results  from  the  bridge  being  unbalanced,  because 
the  sensor  or  decade  has  decreased  in  resistance. 


DEADBAND  When  the  bridge  is  balanced  with  both  DS  lights  out 

during  the  test.  If  on  the  aircraft  with  a  balanced 
bridge,  the  valve  will  not  receive  power. 


PULSING  HOT  DEMAND  This  normally  happens  before  FULL  HOT  DEMAND.  This 

is  where  the  hot  light  will  pulse  or  on  the  aircraft 
the  valve  will  pulse  to  the  hot  position.  This 
results  from  the  bridge  being  unbalanced,  because 
the  sensor  or  decade  has  increased  in  resistance. 


FULL  HOT  DEMAND  When  full  28V  DC  is  applied  to  the  auto  HOT  circuit 

leaving  the  temperature  control  panel.    The  hot 
light,  during  the  test,  will  be  on  steady  or  in  the 
aircraft  the  valve  will  run  full  hot.    This  is  always 
caused  by  an  unbalanced  bridge.     In  this  case  the 
high  resistance  in  the  sensor  circuit  or  during  test, 
it's  the  decade  resistance  causing  the  unbalanced 
condition. 
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Place  a  checkmark  by  the  correct  answer  for  the  following  questions 
or  statements.    You  may  refer  to  the  past  material  if  needed. 

1.      Failing  of  the  (temperature  control  panel)  to  pass  a  minimum  performance 
test  may  be  caused  by 

 a.      calibration  defects. 

 b.      mechanical  defects. 


c      all  the  above. 


2.      When  the  bridge  is  balanced,  it  is  also  said  to  be  in  the 
 a.  deadband. 


_b.  control  point, 
c.      all  the  above. 


Full  cold  demand  and  full  hot  demand  deliver  the  same  temperature  with  the 
high  resistance  in  the  decade. 

a.  True 


b.  False 


The  bS-1  light  is  connected  to  the  cold  circuit  from  the  temperature  contr 
panel. 

 a.  True 


b.  False 


To  get  full  cold,  resistance  in  the  sensor  or  decade  must  be 
a.  low. 


 b.  high. 

The  hot  and  cold  pulsing  demand  will  constantly  be  the  same. 
 a.  True 


b.  False 


7„      The  bridge  circuit  is  balanced  at  B  in  figure  11. 
a.  True 


b.  False 


For  Exercise  1,  instructors  initiala  below. 
Progress  Today  _____  

ANSWERS  ON  PAGE  30. 
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NOTES 


Section  3 
TESTING 
MINIMUM  PERFORMANCE  TEST 

MINIMUM  PERFORMANCE  TEST 

The  following  procedures  and  equipment  provides  a  minimum  check 
of  the  temperature  control  panel. 


TOOLS  AND  EQUIPMENT 
Power  Bench  with  UNIT-A 
Decade  Box 
Multimeter 

Temperature  Control  Box 
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PREPARATION 


1,  Make  sure  the  two  power  switches  ON  UNIT-A  are  off,  sp.e  figure  4. 

ionnect  the  AC  and  DC  power  cables  from  UNIT-A  to  the  power  bench 
outlets.    These  are  found  in  front  of  you,  under  i;.e  caD'nets* 
see  figure  9. 

2,  Remove  the  malfunction  UNIT-A  with  the  adapter  (figure  10),  and 
place  it  as  shown  on  the  bench  in  figure  10,    Remove  the  plastic 
dust  covers  two  ea-  .  from  its  two  plugr  and  store  them  in  the  LEFT 
storage  compartment. 

3,  Remove  cbe  plastic  cover  from  "Jl  Amplifier  Control"  on  UNIT-A  and 
also  place  it  in  the  LEFT  s^rage  compartment, 

4       Remove  the  plastic  cover  from  the  electrJ.  il  plug  on  the  back  or  the 
temperature  control  panel  (white  box),  figure  3,  and  place  this  one 
in  the  right  storage  compartment  of  UNIT-A. 

5,  Connect  the  two  plugs  of  the  adapter  cab1?  one  (the  male  plug)  to 
"Jl  Amplifier  Control"  on  UNIT-A  and  the  other  (the  female  plug) 
to  the  temperature  control  panel,  see  figure  10.    Insure  all  nine 
abnormal/normal  switches  are  in  the  normal  position. 

6,  At  this  time  a  decade  box  and  multimeter  with  leads,  are  t,  leded  from 
the  storage  area-    Get  one  each  and  place  them  as  shown  in  figure  10, 
Insure  tha  decade  it  programmed  to  zero  and  the  meter  is  set  for 

28V  DC  and  connected  to  the  tester, 

/.      Attach  the  decade  red  and  black  post  to  the  senior  R-102  with  the  r*<* 
and  black  leads  provided  in  UNIT-A,     The  red/black  leads  may  go  in 
either  green  jacks  on  UNTT-A,  see  figures  4  and  10. 

8,  Set  or  verify  simulator  switch  S-105  on  UNIT-A  is  set  to  "Footheat" 
which  means  Defog  Off. 

9,  The  Cold  LS-1  and  Hot  DS-2  bulbs  need  to  be  tested  by  pushing  down  on 
each  of  the  DS  lights  to  see  if  they  'lave  go^d  bulbs  in  them.    This  is 
done  by  placing  UNIT-A  28V  DC  power  switch  to  on  (DC  only).  This 
makes  the  red  light  just  above  it  come  on.    With  only  the  28V  DC 
power  on,  push  down  on  the  lens  of  each  DS  light  to  see  if  it  comes 
on,    Thi*  is  where  it  says  "PRESS  TO  TEST."    if  either  one  or  both 
lamps  fail  to  light  under  the  press  to  test  period  notify  the 
instructor. 


12 


1393 


ERLC 


1-CABIN  SECTION  -  APPLYING  POWER 


a.  Place  115V  AC  400  Hz  power  switch  "ON"  found  on  the  tester.  The 
RED  light  above  it  should  come  on  indicating  power  is  at  the  tester 
and  temperature  control  be:. 

b.  Place  the  28V  TC  power  switch  "ON"  found  on  the  tester.    The  RED 
light  above  it  should  come  on  indicating  power  is  at  the  tester  and 
temperature  control  box. 


Explanation  for  the  above 
IMPORTANT ' 


Note:    When  the  double  line  is  seen  in  this  workbook  (like  the  above 
one),  the  material  above  it  is  the  minimum  performance  steps.  The 
material  below  it  is  provided  to  clarify  the  steps  above  the  lines. 
Be  sure  the  material  below  the  line  is  studied  carefully.    This  should 
be  done  before  any  attempt  is  made  to  accomplish  the  minimum  performance 
steps  above  it  or  the  following  pages • 


2-CABIN  SECTION  -  CONTROL  POINTS 

The  cabin  section  has  two  control  points,  one  in  the  cabin-defog  off  (S-105 
in  footheat)  condition  and  the  other  in  the  cabin-defog  on  (S-105  in  defog) 
condition.    Reference  to  che  appropriate  electrical  schematic  figures  6  and 
12.    This  shows  5^'s  accomplished  on  the  aircraft  by  a  remotely  located 
switch  (cabin  def^a        .    The  control  point  is  changed  by  switching  appropriate 
resistance  values  (resistors)  in  or  out  of  the  bridge  circuit.    For  test 
purposes,  this  is  done  by  the  FOOTHEAT -DEFOG  S * MULATOR  switch  (S-105)  on  the 
tester. 

a.      The  control  point  is  not  checked  directly  because  there  is  no  significant 
measurement  that  can  be  made  at  this  point.    The  control  point  is  the 
center  of  the  deadband.    The  deadband  is  checked  at  two  points  A  and  C, 
that  is  where  it  breaks  into  the  two  pulsing  bands  for  hot  or  cold,  see 
figure  11. 


Explanation  for  the  above 

When  the  above  said  "Two  Control  Points"  (Deadbands)  it  means  that  with 
just  f  movement  of  the  defog  switch    the  bridge  will  have  different  fixed 
resistor (s)  in  it,  see  figure  11.    This  will  make  the  bridge  have  two 
different  deadbands. 

Figures  6  and  12  show  R-6  and  R-lb  are  part  of  the  bridge  with  cabin 
defog  OFF.     In  defog  ON  R-7  is  in  the  bridge  and  not  R-6  and  R-lb.  R-8, 
R-ll  and  R-12  are  fixed  resistors  which  are  in  the  bridge  for  defog  ON  and 
OFF.    The  resistors  are  mounted  in  the  temperature  control  panel. 

licause  of  the  two  control  points,  both  must  be  tested  in  the  minimum 
performance  test. 


NOTE:    For  S-105: (Switch)  Footheat  is  one  of  the  deadbands  and  defog 

FOOTHEAT  «  DEIOG  -  OFF  is  the  other  deadband  and  each  have  their 

DEFOG  -  DEFOG  ON  own  values  for  the  control  points. 
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Turn  the  temperature  selector  to  the  Full  hot  position  (full  clockwise) 
on  the  temperature  controller.    Set  the  auto  manual  switch  to  AUTO  on  the 
temperature  controller.    Set  S-105  switch  to  the  footheat  position  on  UNIT-A. 


YOU  WILL  NOW  BEGIN  THE  MINIMUM  PERFORMANCE  EXERCISE 


3  -  CABIN  SECTION  DEFOG-OFF  -  FINDING  DEADBAND  (Between  C  and  A  figures  13  or 
18) 

a.  The  control  is  in  the  deadband  when  both  lamps  DS-1  and  DS-2  are  off. 
DS-1  is  the  COLD  signal  -  GREEN 

DS-2  is  the  HOT  signal  -  RED 

b.  Decade  resistor  R-102  setting  shall  be  between  1360  and  1660  ohms. 

c.  Record  the  decade  resistance  setting  used  in  the  deadband  area  (see 
notes  below) . 

For  performance  exercises  on  .igure  13  (all  9  abnormal/normal  switches 
in  normal) . 


For  Performance  Test       Figure  18 


Explanation  for  the  above 

For  (b)  above:    NOTE:    You  may  set  decade  anywhere  between  those  settings, 

but  about  half  way  between  them  is  ideal.  This  is  about  1510 
ohms* 


Note:     For  the  above  and  throughout  this  test,  some  time  is  required  between 
each  step.    A  fixed  time  period  is  not  given  because  some  units  under  test 
may  not  need  the  same  time  as  the  next.    A  reasonable  time  of  15  to  45  seconds 
may  be.  a  time  to  start  with. 

After  setting  decade  to  about  1510  ohms,  measure  the  voltage  at  the  TP 
points,  with  the  black  lead  at  either  ground.    Dropping  to  a  lower  scale  on 
the  meter  may  be  necessary  to  check  for  lower  voltage  levels  than  28V  DC. 
Remember  at  this  time  voltage   at  both  points  should  be  zero  and  both  DS 
lights  should  be  out.     If  not,  notify  your  instructor. 
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4  -  CABIN  SECTION  DEFOG  OFF  -  DETERMINATION  OF  POINT  A  (Figure  13  or  18) 

a.  Increase  setting  of  decade  resistor  In  one-ohm  steps  until  the  RED 
LAMP  DS-2  (hot)  just  begins  to  pulse.    This  Is  Point  A. 

b.  Record  decade  resistor  setting  as  R102A1. 
For  Performance  Exercises  on  figure  13. 

For  Performar.c  ^  Test  -  figure  18 


Explanation  for  the  above: 

^or  (a)  above:    When  the  multimeter  is  connected  at  TP-2,  it  should  begin 
to  reflect  a  pulsing  voltage  and  the  range  switch  may  have 
to  be  changed.    When  turning  the  knobs  on  the  decade  you 
may  see  the  lights  blink,  disregard  them  while  moving  the 
knobs  and  also  the  meter  may  make  a  split  second  erratic 
movement  which  you  may  disregard. 

For  (b)  above:    R102A1  and  Point  A  are  the  same  in  figure  13. 


REMEMBER: 


When  DS  lights  are  on,  the  meter  should  show  a  voltage, 


Note:    The  meter  should  be  set  on  the  10  scale.    Don't  set  it  on 
the  2.5  scale  if  you  don't  understand  why.    Leave  it  on  the  50  scale 
and  see  your  instructor  NOW. 


0 
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5  -  CABIN  SECTION  DEFOG  0*F  -  DETERMINATION  OF  POINT  B  (Figure  13  or  18) 

a.  Increase  of  decade  resistor  to  the  point  where  RED  LAMP  DS-2  (hot) 
Is  FULL  ON.    This  is  point  B. 

b.  Decade  resistor  R102  setting  shall  be  between  3800  and  7000  ohms. 

c.  Record  decade  resistor  setting  as  R102. 
For  Performance  Exercises  -  on  figure  13 

For  Performance  Test  -  figure  18 


Explanation  for  the  above: 

For  (a)  above:    You  will  find  that  the  voltage  will  increase  to  a  steady 
value  with  this  &:ep,  so  set  your  meter  for  28V  DC  BEFORE 
doing  (a)  above  (see  figure  11).    If  you  don't  understand, 
inform  the  instructor  NOU  during  Exercise  1. 

For  (b)  above:     If  the  resistance  is  between  the  two  values  given,  Point  B 
is  OK. 
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6  -  CABIN  DEFOG  OFF  -  DETERMINATION  OF  POINT  C  (Figure  13  or  18) 

a.  Set  decade  resistor  so  that  control  is  in  deadband. 

b.  Decrease  setting  of  decade  resistor  in  one-ohm  steps  until  the  GREEN 
LAMP  DS-1  just  begins  to  pulse.    This  is  point  C. 

c.  Record  decade  resistor  as  R102C1. 

For  Performance  Exercises  on  figure  13. 

For  Performance  Test  -  figure  18. 


Explanation  for  the  above: 

For  (a)  above:    This  deadband  is  from  step  3,  page  14. 

For  (b)  above:    Meter  at  TP-i  should  also  begin  to  reflect  a  pulsing  and 
the  range  may  have  to  be  changed. 

Note:    R102C1  and  Point  C  are  the  same  in  figure  13. 

Nota:     Step  4  for  Point  A.    Page  15  is  almost  the  same  as  finding 
Point  C,  so  review  of  it  may  be  of  value  to  you  for  the  above. 
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7  -  CABIN  SECTION  DEFOG  OFF  -  DETERMINATION  OF  POINT  D  (Figure  13  or  18) 

a.  Decrease  setting  of  decade  resistor  to  the  point  *here  the  GREEN 
LAMP  DS-1  is  FULL  ON.    This  is  Point  D. 

b.  Decade  resistor  setting  shall  be  between  300  and  600  ohms. 

c.  Record  decade  resistor  setting  for  point  D. 
For  Performance  Exercises  -  on  figure  13. 

For  Performance  Test  -  figure  18. 


Explanation  for  the  above: 

For  (a)  above:    Going  up  the  DS-1  range  to  Full  Cold  Demand  (full  on) 
will  require  the  meter  to  be  set  to  measure  the  higher 
voltage  of  28V  DC. 

For  (b)  above:    If  the  resistance  is  between  the  two  values  given,  Point 
D  is  OK. 
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8  -  CABIN  SECTION  DEFOG  -  LIMITS  OF  DEADBAND 

a.  Plot  the  readings  recorded  as  R102A1  and  R102C1  on  graph  shown. 
For  Performance  Exercises  -  on  figures  13  and  14. 

For  Performance  Test  -  figure  19. 

b.  The  intersection  of  the  two  points  shall  be  within  the  shaded  area. 


Explanation  for  the  above: 

If  you  have  difficulty  with  the  graph,  see  your  instructor.    The  two 
lines  for  R102A,  and  R102C,  must  intersect  in  the  shaded  area. 
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9  -  CABIN  SECTION  DEFOG  OFF  -  SELECTOR  FUNCTION  (Figure  15  or  20) 

a.  Set  selector  to  COLD  (full  counterclockwise)  position. 

b.  Increase  decade  resistor  until  control  is  in  deadband.  Decade 
resistor  setting  shall  be  approximately  25,000  ohms. 

c.  Record  tht  deadband  setting. 

For  Performance  Exercises  -  on  figure  15. 
For  Performance  Test  -  figure  20. 

d.  Rotate  selector  slowly  to  HOT  (fully  clockwise)  position. 

e.  The  control  shall  pass  through  its  HOT  pulsing  band  and  come  FULL  ON 
as  indicated  by  LAMP  DS-2.    GREEN  LAMP  DS-1  shall  NOT  come  on. 


Explanation  for  the  above: 

For  (a)  above:    The  selector  is  on  the  temperature  control  panel. 

For  (b)  above:    Set  decade  for  25,000  ohms  and  measure  the  TP  points  and 
adjust  the  decade  until  you  have  zero  voltage  at  both 
points.    Adjustment  may  not  be  needed.     (Be  sure  its 
setting  is  25,000  and  not  2,500). 

For  (c)  above:     If  decade  setting  is  not  within  25,000  +  or  -  3,000  ohms 
STOP  and  see  the  instructor. 

For  (d)  above:    Be  sure  meter  is  on  the  50  range  if  in  TP- 2  or  disconnected 
from  the  tester. 

For  (e)  above:    Leave  it  in  HOT. 


149G 
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10  -  CABIN  SECTION  DEFOG  ON  -  FINDING  DEADBAND  (Between  C  and  A  figure 
16  or  21) 

a.  Set  simulator  switch  on  the  tester  to  defog.     (Switch  S-105) . 

b.  Set  selector  on  unit  under  test  to  HOT  (full  clockwise)  position. 

c.  The  control  is  in  the  deadband  when  both  lamps  DS-1  and  DS-2  are 
off. 

d.  Decade  resistor  setting  shall  be  between  245  and  294  ohms. 

e.  Record  the  decade  resistor  value  for  the  deadband. 
For  Performance  Exercises  -  on  figure  16. 

For  Performance  Test  -  figure  21. 


Explanation  for  the  above: 

For  (a)  above:  Before  doing  (a)  insure  if  meter  is  connected  and  range 
is  on  50. 

For  (b)  above:    Meter  should  be  in  TP-2  for  28V  DC. 
For  (c)  and 

(d)  above:  Should  set  decade  to  midway  point  of  about  269  ohms  and 

than  measure  the  TP  points  and  adjust  uhe  decade  until 
you  have  zero  voltage  at  both  points.    Adjustment  may 
not  be  needed  of  the  decade. 


11  -  CABIN  SECTION  DEFOG  ON  -  DETERMINATION  OF  POINT  A  (on  figure 
16  or  21) 

a.  Increase  setting  of  decade  resistor  in  one  ohm  steps  until  DS-2 
just  begins  to  pulse.    This  is  Point  A, 

b.  Record  decade  resistor  setting  as  R102A2. 
For  Performance  Exercises  -  on  figure  16. 

For  Performance  Tesc  -  figure  21. 


Explanation  for  the  above. 

For  (a)  above:    Going  from  the  deadband  to  Point  A  and  the  voltages  will 
at  first  be  low  and  the  meter  range  needs  to  be  set 
correctly. 
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12  -  CALIN  SECTION  DEFOG  ON  -  DETERMINATION  OF  POINT  C  (figure  16  or  23) 

a.  Set  decade  resistor  so  that  control  is  in  deadband. 

b.  Decrease  decade  resistor  in  one-ohm  steps  until  LAMP  DS-1  just  begins 
to  pulse.    This  is  Point  C. 

c.  Recode  decade  resistor  setting  as  R102C2. 
For  Performance  Exercises  -  on  figure  16. 

For  Performance  Test  -  figure  21. 


Explanation  for  the  above: 

For  (a)  above:    Deadband  same  as  in  step  10. 

For  (b)  above:  This  again  is  going  from  the  deadband  to  point  C  at  which 
the  voltage  value  should  be  low,  like  going  from  deadband 
to  point  A. 

Note:    Disconnect  or  turn  off  meter  from  tester  after  completing 
the  above. 
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13  -  CABIN  SECTION  DEFOG  ON  -  LIMITS  OF  DEADBAND 

a.  Plot  the  readings  recorded  as  R102A2  and  R102C2  on  the  graph  shown. 
For  Performance  Exercises  -  on  figure  17  from  figure  16. 

For  Performance  Test  -  figure  22. 

b.  The  intersection  of  the  two  points  shall  be  within  the  shaded  area. 


Explanation  for  the  above: 

If  you  have  difficulty  with  the  graph,  see  your  instructor.  The 
two  lines  for  R102A2  and  R102C2  must  intersect  in  the  shaded  area. 
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14  -  AUTO  -  MANUAL  CONTROL  FUNCTION 

a.  Set  or  verify  SIMULATOR  switch  (S-105)  on  tester  is  set  to  FOOTHEAT. 

b.  Set  or  verify  that  selector  on  unit  under  t  st  is  set  to  HOT  (full 
clockwise)  position. 

c      Set  decade  resistor  R-102  to  400  ohms. 

d.  Lamp  DS-1  shall  be  full  ON. 

e.  Set  AUTO-MANUAL  switch  to  manual  hot  DS-2  should  be  on. .DS-1 
should  be  off. 

f .  Set  AUTO-MANUAL  switch  to  AUTO. 

g.  Set  decade  resistor  R-102  to  7000  ohms. 

h.  Lamp  DS-2  shall  be  full  ON. 

i.  Set  AUTO-MANUAL  switch  to  manual  cold,  DS-1  should  be  on.  DS-2 
should  be  of f . 


A  meter  is  not  needed  for  the  above,  so  be  sure  it  is  disconnected 
before  (a)  is  started. 

It  should  be  noted  at  the  end  of  Exercise  1  that  you  have  performed  the 
minimum  performance  test  and  unit  under  test  should  be  serviceable.  (This 
is  with  all  nine  normal/abnormal  switches  in  normal.) 

Show  figures  13  through  17  to  your  instructor  and  inform  your  instructor 
of  anything  you  don't  understand  at  this  time. 


Instructor's  Initials 
Here  for  Figure  13  through 

Figure  17   

Go  to  page  26  . 
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PERFORMANCE  EXERCISE  INSTRUCTIONS 


STUDENT  WILL  NOT  BEGIN  PERFORMANCE  EXERCISE  UNLESS  THE  INSTRUCTOR 
HAS  INITIALED  PAGE  25 . 

This  is  the  performance  exercise  (practice  work)  in  which  the 
requirement  is  to  complete  at  least  the  first  three  assigned  problems 
satisfactorily.    In  addition  to  the  first  three  practice  problems  an 
additional  4  may  be  required.    These  additional  problems  are  only 
required  if  the  instruct*  determines  additional  exercise  is  needed. 
During  the  performance  i       ^ise,  questions  may  be  asked  of  the  instructor 
within  reason.    The  inst*  otor  will  always  reserve  the  right  on  how  or 
if  fo  respond  to  the  questicn(s). 

WORKSHEET  INSTRUCTIONS  FOR  PAGE  27 

The  "ABNORMAL/NORMAL  INDICATION  SW  NUMBER11  column  is  the  place  where 
the  instructor  will  px^  the  switch  numbers. 

'STEP  NUMBER"  column,  "RECORD  TEST  RESULT"  column  and  "SERVICEABLE" 
column  are  the  columns  the  student  will  place  the  correct  responses  as 
will  be  demonstrated  later  in  the  workbook  for  problem  1. 

Belcw  are  test  resulcs  from  which  you  may  pick  the  cor  ect  one  for 
your  DrobJem.    This  is  to  be  recorded  under  "RECORD  TEST  RESULT"  column. 

No  Pulsing  and  No  Full  Hot  Demand 

No  Pulsing  and  No  Full  Cold  Demand 

No  Manual  Hot 

No  Manual  Cold 

Full  Hot  Demand 

Full  Cold  Demand 

Out  of  Deadband  Standards 

Figures  13,  14,  15,  16  and  17  are  to  be  used  for  problems  1  through 
7.    The  answers  may  be  erased  on  these  figures  after  the  assigned  problem 
has  been  graded.    This  procedure  will  allow  greater  usage  of  these  figures 
for  the  four  additional  practice  problems  as  assigned. 
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PERFORMANCE  EXERCISE  INSTRUCTIONS  (font) 

The  injtructor  should  give  you  switch  1  for  Problem  Number  1.  The 
follortng  will  take  you  furou-h  the  general  procedure  on  how  to  perform 
the  Performance  Exercise.    All  you  know  each  time  you  test  any  unit  is 
that  the  unit  MAY  OR  MAY  NOT  be  serviceable.    Be  sure  you  use  the  following 
time  wisely.    You  must  be  able  to  use  the  general  knowledge  you  gain  here 
during  ttr*  practice  work  to  do  the  performance  test. 

Place  the  abnormal/normal  indication  switch  as  assigned,  to  the 
abnormal  position  and  insure  others  remain  in  the  normal  position  (figure 
3,  malfunction  UNIT-A) . 

FIRST: 

SECOND: 


THIRD: 
FOURTH : 

FIFTH: 


Use  Section  3  until  defect  is  found. 


You  should  have  found  that  procedure  or  step  4a,  page  15  did 
NOT  give  a  normal  indication  as  required.    DS-2  DIDN'T 
illuminate  within  the  RlOZA^  decades  values  in  t'ie  graph  in 
figure  19,  which  is  an  abnormal  indication. 

Record  the  number  "4a"  "STEP  NUMBER"  on  the  PERFORMANCE 
EXERCISE  WORKSHEET. 

It  was  found  in  4a  the  RED  LAMP  DS-2  dia  no*:  come  on  as  required 
which  results  in  a  "NO  PULSING  AND  NO  FULL  HOT  DEMAND,"    This  is 
to  be  recorded  under,  "RECORD  TEST  RESULT"  on  the  PERFORMANCE 
WORKSHEET! 

On  the  worksheet,  the  student  will  mark  if  the  unit  under  test  is 
serviceable  by  placing  a  mark  under  "YES"  for  serviceable  or  "NO" 
for  unserviceable. 


ABNORMAL/ 
NORMAL 

RECORD  THE 

SERVICEABLE 

DO 

PROBLEM 

INDICATION 
SW  NUMBER 

PROCEDURE  OR 
STEP  NUMBER 

RECORD  TEST 
RESULTS 

YES 

NO 

1 

DO  STORAGE 

PROCEDURES 

FOLLOW  INSTRUCTIONS  GIVEN  BY  INSTRUCTOR 

2 

DO  STORAGE 

PROCEDURES 

FOLLOW  INSTRUCTIONS  GIVEN 

BY  INSTRUCTOR 

3 

DO  ADDITIONAL  PRACr ICE  PROBLEMS  PAGE  23 

DO  PERFORMANCE  TEST  PAGE 
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ADDITIONAL  PRACTICE 
Do  additional  practice  problems  4  through  6,  using  pages  12  through 

24. 


DO 

PROBLEM 

abnormal/ 

NORMAL 
INDICATION 
SW  NUMBER 

RECORD  THE 
PROCEDURE  OR 
STEP  NUMBER 

 1 

RECORD  TEST 
RESULTS 

i  ■  ■ 
SERVI 

CEABLE 

YES 

NO 

4 

5 

6 

U  _ 

SEE  YOUR  INSTRUCTOR  FOR  THE  PERFORMANCE  TEST. 
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PERFORMANCE  TEST 


INSTRUCTIONS 

This  performance  test  will  require  the  student  to  correctly 
record  the  responses  for  the  three  given  problems.    This  should  be 
accomplished  by  using  the  minimum  performance  test  procedures, 
figures  and  worksheets,  found  in  this  workbook.    Hie  instructor  will 
check  your  work  as  required.     If  you  miss  any  part  of  the  problems 
given,  you  will  fail  that  problem.    You  must  get  two  out  of  the  three 
correct . 


DO 

PROBLEM 

ABNORMAL/ 
NORMAL 
INDICATION 
SW  NUMBER 

RECORD  THE 
PROCEDURE  OR 
STEP  NUMBER 

RECORD  TEST 
RESULTS 

SERVICEABLE 

GRADE 

YES 

NO 

S 

U 

1 

DO  STORA 

GE  PROCEDURES 

FOLLOW  INSTRUCTIONS  GIVEN  BY  INSTRUCTOR 

2 

FOLLOW  I 

NSTRUCTIONS  GIVEN  BY  INSTRUCTOR 

3 

1 
j 

PERFORMANCE  TEST  WORKSHEET 


 Student  will  turn  in  ALL  pages  of  this  workbook  to  the  instructor 

before  leading  the  area* 

Figures  18  through  22  will  be  used  for  the  performance  test. 


AFTER  SATISFACTORY  COMPLETION  OF  THIS  WORKBOOK,  COMPLETE  THE 
STORAGE  PROCEDURES  ON  THE  FOLLOWING  TAGE . 


29 


1415 


STORAGE  PROCEDURE 

1.  Insure  the  two  power  switches  are  OFF  on  the  Fighter  Air  Conditioning 
Test  Set. 

2.  Insure  the  AC  and  DC  power  cables  are  disconnected  rrom  the  power  bench 
outlets  and  that  cables  are  placed  in  the  unit's  storage  area  on  the 
right  side,  see  figures  4  and  7. 

3.  Insure  the  red  and  black  leads  for  the  decade  are  stored  as  in  figures 
4  and  7. 

4.  Insure  the  adapter  cable  with  Malfunction  UNIT-A  box  is  stored  as  shown 
in  figures  3,  4  and  7  with  the  plastic  dust  covers  on  its  plugs  (2  ea). 

5.  Insure  the  plastic  dust  cover  is  on  the  tester  "Jl  Amplifier  Control." 

6.  Insure  the  plastic  dust  cover  is  on  the  temperature  control  panel  (white 
box) ,  see  figure  8. 

7.  Insure  the  temperature  control  panel  is  turned  OFF. 

8.  Ask  your  instructor  to  inspect  your  work  at  this  time  before  you  place 
the  lid  on  the  unit. 

9.  Install  lid. 

10.  Place  UNIT-A  in  storage  cabinet. 

11.  Insure  multimeter  and/or  decade  is  in  its  proper  storage. 

12.  Insure  the  temperature  control  panel  is  in  its  proper  storage  area, 
see  figure  1. 

13.  Clean  your  work  area  as  needed. 

14.  Turn  in  this  complete  workbook  to  the  instructor  and  wait  for 
additional  instructions. 


Correc*-  answers  for  page  9. 

1.  c 

2.  c 

3.  False 

4.  True 

5.  a 

6.  Fa!*- 

7.  K  ^ 


Figure  1.    Power  Bench  with  UNIT-A. 
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1  LATCHES 

2  I  D.  TAG  ON  TOP 

4   |Ld7cTnI?DE  (EXAMPLE  SHOWN  IN  FIGURE  10) 


Figure  2.     UNIT-A  Top  View  with  Lid  On. 
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1  II5VAC  POWER    400  Hz 

2  115  VAC  POWER  60Hz 

3  28V0C  POWER 

4  ADAPTER  CABLE 

5  J-l  AMPLIFIER  CONTROL  JACK 

DUST  COVER  REMOVED 

6  DUST  COVER  FROM  BACK  OF 

CONTROL  DOX 

7  STUDENTTWILL  NOT  TOUCH 

THESE  POWER  SWITCHES 


8  CONTROL  BOX 

9  DUST  COVERS  REMOVED 

10  MALFUNCTION  UNIT -A 

IS  PART  OF  ADAPTER  tABLE 

11  DUST  COVER  FOR  J- 1 

AMPLIFIER  JACK  ON  UNIT-A 

12  STORAGE  PLASTIC  DUST  COVERS 

FOR  ADAPTER  CABLE 

13  DUST  COVER  REMOVED 


Figure  3.    UNIT-A  Fighter  Cabin  Air  Conditioning  Test  Set, 
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1  SENSOR  R-102 

GREEN    'NANA  JACKS 

2  CIRCUIT  .  ~  AKERS 

3  J-l  AMPLIFIER  CONTROL  (PLUG) 

4  28  VDC  POWER  LIGHT  (RED) 

5  AC  AND  DC  POWER  CABLE 

6  POWER  SWITCH  28  VDC 

7  RED/BLACK  TEST  LEADS 

FOR  DECADE 

8  GROUND  COMMON  FOR  P  TH 

TP-I  AND  TP-2(BLACt  )  PINJACKS 


9  RED  LIGHT  DS-2 

10  MULTIMETER  RED  LEAD 

PIN  JACKS 

11  GREEN  LIGHT  DS-! 

12  MALFUNCTION  UNIT- A 

WITH  ADAPTER  CABLE 

13  FOOTHEAT/DEFOG  SIMULATOR  S-105 

14  POWER  SWITCH  115  VAC 

15  !  15  VAC  POWER  LIGHTTRED) 


Figure  4.  UNIT-A, 
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1  TEMPERATURE  CONTROL  PANEL 

(WHITE  BOX) 

2  AN/PSM-37 

3  CABIN  DUAL  TEMPERATURE 


4  AN/PSM-2IA 

5  DUST  COVERS  FOR  ELECTRICAL  PLUG 

6  AIRCRAFTS  FOOTHEAT  OEFOG  LEVEF  AND  SWITCH 


Figure  5.    Fighter  Air  Conditioning  System  (A  View  of  the  Trainer), 
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WARNING  LIGHT 
14/28  VAC 


LANDING  GEAR 


TURBINE  OVERSPEED 
PRESSURE  SWITCH 


LANDING  GEAR 
CONTROL  SWITCH 


EMERGENCY  VENT 
CONTROL  KNOB 


BLEED  AIR  PRESSURE 
REGULATOR  AND 
SHUTOFF  VALVE 


RAIN 
REMOVAL 
SYSTEM 
A 


bHi» 


TEMPERATURE  CONTROL  PANEL 


CABIN  TEMP 
SENSOR 


CABIN  MANUAL 
TEMP  LIMITER 


CABIN  DUAL  t£MP* 
MIXING  VALVE 
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*Figure  6.  Wiring  Diagram  Fighter  Air  Conditioning  System. 
*See  definition  page. 
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1  LEFT  SlOR^r  AF  A 

2  CONTROL  PANLL  AREA 

3  RIGHT  STORAGE  AREA 


4  POWER  CABLES 

5  TEST  LEADS  REO  AND  BLACK 

6  MALFUNCTION  UNIT-A 

WITH  ADAPTER  CABLE 


Figure  7.    Air  Conditioning  System  Test  Set, 


ERLC 


V 


REAR  VIEW 


FRONT  VIEW  5 


1  PLUG /JACK 

2  some  parts  of  bridge  inside 

3  magnetic  amplifier  inside 

4  temperature  control  switch 

Tmode  switch! 

5  temperature  control  panel 

6  TliM^Rjif  UR^  SELECTOR  RHEOSTAT  KNOB 

7  PLASTIC  DUST  COVER  FOR  PLUG/ JACK 


Figure  8.    Temperature  Control  Panel. 
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AC  PLUG-  HAS  !3)  PINS  AND  FITS 
ONLY  IN  THE  AC  RECEPTACLE 
ON  POWER  BENCH 

DC  PLUG  -  HAS  TWO  PINS  AND  UTS 

8nnVyh'en  5eHEchDC  RECEPTACLE 

STUDENTS  WILL  NOT  TOUC 
THESE  POWER  SWITCHES 


Figure  9. 


40 


±426 


8 


7 


1  RED  AND  BLACK  LEADS 

FOR  DECADES 

2  ADAPTER  CABLE  MA-E  PLUG 

3  ADAPTER  CABLE 

4  ADAPTER  CABLE  FEMALE  PLUG 

5  STUDENTS  WILL  NOT  TOUCH 

THESE  POWER  SWITCHES 


6  DECADE 

7  MALFUNCTION  UNIT- A 

WITH  ADAPTER  CABLE 

8  UNIT -A  FIGHTER  AIR  CONDITIONER 

TEST  SET 

9  MULTIMETER  AN/PSA- 37 


Figure  10. 


CONTROL  CHARACTERISTICS 


PART  A 


26  VOC 


0  VDC 


SOLID  STATE  RELAY 
TURNED  OFF 


TIME  ON 


TIME  0*F 


PART  B 


RANGE  OF 

DS-I  (COLD) 


CONTROL 
POINTS 


D  C 
PULSE  PERIOD 


■HFULL  ■  PULSING rV-v-V;. 

|COLD_DF^AND^^BO,>COLD  DEMAND  V>J 


r 


DEADBAND 


A  B 
|     PULSE  PERIOD  | 

^..::PULSM6'??tV:: 
*V??HOT  DEMAND:'/;;;' 


DECREASE  RESISTANCE 
INREASE  TEMPERATURE 


RANGE  OF 
DS-2  (HOT) 


INCREASE  RESISTANCE 
DECREASE  TEMPERATURE 


VOLTAGE  INCREASES - 


PULSE  DURATION  INCREASES  — 


-VOLTAGE  INCREASES- 


 PULSE  DURATION  INCREASES 


BALANCED 
BRIDGE 


Figure  11. 
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*Figure  12. 
*See  Definition  Pcge. 


43 

1423 


co 

a 

o 

• 

CO 

a 

CM 

o 

O 

rfH 

o 

o 

vD 

0) 

rH 

> 

O 

0) 

O 

x: 

u 

c 

T3 

U 

o 

1 

o 

0) 

CD 

CO 

a 
o 


o 

rH 
O 

<u 
p 

rH 
> 

<u 


O 

u 


CO 

n 

CO 

o 

O  C 

a 

o 

v£>  CO 

o 

j:  oo 

CO 

o 

rH  T3 

CO 

C  0/ 

c 

CO 

CU 

rH 

!*  cu 

< 

o 

CM 

CM 

o 

<U  u 

O 

o 

00 

rH 

rH 

CO 

p£$ 

P4 

ft,  M 

c 

ft,  o 

• 

CU 

CU 

CU 

o  a 

CO 

p 

CU 

CU 

B 

rH 

rH 

> 

a1  C*S 

td 

u 

1-4 

o 

> 

CU 

PQ 

• 

CU 

CU 

CM  CO 

co  a 

4J 

u 

o 

rO 

CU 

M 

U 

o 

O 

O 

CO 

rH  vO 

rH 

o 

o 

a 

CO  vO 

CU 

CU 

Q  rH 

> 

D4 

o 

RA*NGE  of 
DS-I  (COLD) 


♦ 


RANGE  OF 
OS -2  (HOT) 


PULSING^ita 
$30X4  DEMAND  JSS? 


DE AD6 \ND 


0ECREASE  RESISTANCE 
INRCASE  TEMPERATURE 


28VDC  TO  COLD 
SIDE  OF  THE  VALVE. 

( TIME  ON) 


PULSING  DCV  TO 
COLD  SIDE  DUAL 
TEMP  MIXING  VALVE 
AND/OR  GREEN 
LIGHT  ON  TESTER. 
(PULSE  PERIOD) 


TOP- 


INCREASE  RESISTANCE 
DECREASE  TEMPERATURE 
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UJ 
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PULSING  DCV  TO 
HOT  SIDL  DUAL 
TEMP  MIXING  VALVE 
AND/OR  RED 
LIGHT  ON  TESTER 
(PULSE  PERIOD) 


28  VDC  T&  HOT 
SIDE  0''"  THE  VALVE. 

(TIME  ON) 


Figure  13. 
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EXERCISE  1 
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DEFOG  OFF  -  LIMITS  OF  DEADBAND 


Figure  14. 
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EXERCISE  1 
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Environmental  Pneudraulics  Branch  C3ABR42331-WB-202 
Chanute  AFB,  Illinois 

FIGHTER  CABIN  AIR  CONDITIONING  SYSTEM  WIRING  DIAGRAM 

OBJECTIVE 

Using  a  wiring  diagram  for  the  air  conditioning  system,  specify 
causes  for  system  troubles  with  a  minimum  score  of  48  out  of  60  total 
points. 

EQUIPMENT 

Colored  pencils 

INSTRUCTIONS 

Pay  close  attention  to  all  directions.    After  completing  this  lesson, 
you  will  be  required  to  identify  causes  for  system  troubles  with  80% 
accuracy  on  the  attached  diagram.    If  you  are  readv,  and  the  instructor 
has  already  briefed  you,  begin. 

FIGHTER  CABIN  AIR  CONDITIONING  WIRING  DIAGRAM 


INTRODUCTION 

During  this  lesson,  you  will  review  the  purpose  of  the  system 
components  and  you  will  study  the  electrical  circuity  for  the  system 
operation,  and  troubleshooting  various  troubles.    Be  sure  to  read  the 
instructions  on  this  page  before  going  further. 

After  the  purpose  of  the  components  are  explained,  you  will  be 
required  to  respond  in  this  workbook.    If  your  response  is  incorrect, 
you  should  review  the  material  or  ask  the  classroom  instructor  for 
assistance. 

At  this  time  remove  figure  5  from  the  back  of  the  workbook  and  place 
it  in  front  of  you.    You  will  be  using  this  diagram  throughout  this  lesso; 

You  will  be  required  to  troubleshoot  this  diagram  at  the  completion 
of  this  lesson.    If  you  have  no  questions  turn  to  p*ge  3  and  begin. 


Supersedes  C3ABR42331-WB-202,  25  Marcn  1983. 
OPR:    3370  TCHTG 
DISTRIBUTION:  X 

3370  TCHTG/TTGU-P  -  ,200;  DAV  -  1 
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Frame  1 


Locate  the  bleed  air  pressure  regulator  and  shutoff  valve  in  the 
upper  right  corner  of  the  diagram.    This  valve  serves  as  a  shutoff  v^lve 
and  pressure  regulator  for  the  cabin  air  conditioning  system.  When 
closed,  this  valve  shuts  off  the  air  flow.    When  open,  it  regulates 
air  flow  to  the  inlet  side  of  *:he  compressor  turbine  of  the  cabin  air 
conditioning  system.    Thi*  valve  is  controlled  by  the  emergency  vent 
knob.    Pushing  the  knob  in,       "ies  power  to  th«  solenoid  and  opens 
the  valve,  provided  the  engj       ieed  air  is  available.    When  the  knob 
is  pulled  out,  power  is  remo-  ~d  and  the  valve  closes. 


3 


Frame  2 

Locate  the  Landing  Gear  Auxiliary  Relay,  the  Ground  Cooling  Ejector 
Shutoff  Valve,  and  the  Landing  Gear  Control  Switch.    The  landing  gear 
control  switch  is  mounted  on  the  landing  gear  handle  and  operates  any  time 
the  gear  handle  is  moved  to  the  gear  up  or  gear  down  position.    The  landing 
gear  auxiliary  relay  is  energized  whenever  the  landing  gear  handle  is  placed 
in  the  gear  down  position.    This  pulls  the  relay  armature  down,  completing 
the  circuit,  and  applies  28V  DC  from  pin  C  of  the  relay  to  pin  A  cr  the 
open  side  of  the  ground  cooling  ejector  shutoff  valve  motor. 

Placing  the  landing  gear  handle  in  the  gear  up  position  deenergizes  the 
landing  gear  auxiliary  relay,  roving  the  armature  up,  completing  the  circuit 
from  pin  A  of  the  telay  to  pin  B  of  the  closed  side  of  the  ground  cooling 
ejector  shutoff  valve  motor. 

Complete  statements  1  through  6. 

1.      The  bleed  air  pressure  regulator  and  shutoff  is  controlled  by  the 


2.  When  the  emergency  vent  knob  is  pushed  in,  the  bleed  air  pressure  regulator 
is  ( energized /deenergized)   . 

3.  The  bleed  air  pressure  regulator  controls  airflow  to  the   


  system. 

4.  The  ground  cooling  ejector  shutoff  valve  is  actuated  open  when  the  landing 
gear  handle  is  placed  in  the  ^^^^^^^  position. 

5.  The  ground  cooling  ejector  shutoff  valve  requires   to  operate. 

6.  The  ground  cooling  ejector  shutoff  valve  is  actuated  closed  when  the  landing 
gear  handle  is  placed  in  the  position. 
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Frame  3 


Refer  back  to  figure  5. 

Let's  look  at  the  temperature  control  system.    The  temperature  control 
system  includes  the  temperature  controller,  temperature  sensor,  cabin  manual 
temperature  limiter,  and  the  cabin  dual  temperature  mixing  valve. 

'Tie  temperature  control  system  has  an  automatic  and  manual  mode  of 
operation.    The  temperature  controller,  located  on  the  left  side  of  the 
diagrim,  contains  the  magnetic  amplifiers,  the  transistors,  the  temperature 
control  switch,  and  the  temperature  selector  rheostat. 

The  cabin  temperature  sensor,  located  in  the  bottom  left  center  of  the 
diagram,  senses  the  temperature  of  the  air  entering  the  cabin.    The  sensor  has 
a  negative  coefficient  of  resistance*    This  means  that  as  the  temperature  goes 
up,  the  resistance  of  the  sensor  goes  down;  or,  if  the  temperature  goes  down, 
the  resistance  will  go  up.    This  sensor  forms  one  leg  of  the  bridge  circuit 
and  is  only  used  during  the  automatic  mode  of  operation. 

The  cabin  manual  temperature  limiter  is  located  next  to  the  cabin 
temperature  sensor.    It  is  a  normally  closed  thermal  switch  and  will  open 
when  the  temperature  of  the  air  going  to  the  cabin  exceeds  220  degrees  F. 

When  the  switch  opens,  power  is  interrupted  to  the  hot  side  of  the 

Cabin  Dual  Temperature  Mixing  Valve.    As  the  air  temperature  goes  down,  the 

switch  closes  again,  and  power  can  be  resupplied  to  the  hot  side  of  the 
mixing  valve. 

Complete  statements  7  through  13. 

7.  The  temperature  control  system  has  an  and   

mode  of  operation. 

8.  The  magnetic  amplifiers,  transistors,  temperature  control  switch,  and 
temperature  selector  knob  are  located  in  the  (  • 

9.  If  the  resistance  of  the  sensor  goes  down,  the  automatic  control  circuit 
will  call  for  air. 

10.  The  cabin  temperature  sensor  is  used  only  when  in  the   

mode  of  temperature  control. 

11.  The  cabin  temperature  sensor  makes  up  part  of  the   circuit. 

12.  The  cabin  manual  temperature  limiter  switch  opens,  the  pilot  is  unable 


to  select 


13. 


The  cabin  manual  temperature  limiter  is  a  normally 


(open/ 


closed)  thermoswitch. 
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Figure  1.    Power  Supply  Circuits. 
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Frame  4 


You  should  now  have  an  idea  about  the  components  of  the  complete  system. 
Let1 8  trace  the  individual  circuits  so  that  you  can  understand  how  each  unit 
is  controlled. 

Turn  to  figure  i.    This  diagram  contains  the  circuits  that  are  energized 
when  power  is  first  applied  to  the  aircraft.    All  switches  are  shown  in  their 
normal  positions.    Using  your  red  pencil,  trace  from  the  115  volt  AC  cockpit 
heat  and  vent  circuit  breakei  to  pin  E  to  the  temperature  controller. 

Now  continue  tracing  the  voltage  from  pin  E  to  the  cabin  magnetic  amplifiers. 
This  power  is  used  only  when  the  temperature  control  system  is  operated  in  the 
automatic  mode. 

Locate  the  28V  DC  cockpit  heat  and  vent  circuit  breaker.    Start  at  the 
circuit  breaker  and  trace  to  the  first  junction  marked  A.    Trace  from  junction 
A  to  the  bleed  air  pressure  control  switch,  through  the  switch,  and  to  pin  A 
of  the  pressure  regulator  and  shutoff  valve.    Trace  through  the  valve  and  out 
pin  C  to  ground.    This  will  energize  the  solenoid,  which  allows  air  pressure  to 
open  the  valve.    Since  you  are  simulating  the  aircraft  on  the  ground,  you  will 
also  trace  current  to  open  the  ground  cooling  ejector  shutoff  valve.    Start  at 
the  28V  DC1  landing  gear  circuit  breaker.    Trace  from  this  circuit  breaker  to 
pin  B  of  the  landing  gear  control  switch,  through  the  landing  gear  control 
switch,  out  pin  C  to  pin  Y  of  the  landing  gear  auxiliary  relay.    Trace  through 
the  relay  coil  to  ground.    This  will  energize  the  relay,  pulling  the  armature 
down.    Now  return  to  junction  point  A.    Trace  from  this  point  to  junction 
point  B. 

Now,  go  down  and  to  the  right  until  you  reach  pin  B  of  the  landing  gear 
auxiliary  relay.    Since  you  have  already  energized  this  relay,  current  will  flow 
through  the  relay  armatures,  out  pin  C  to  pin  A  on  the  ground  cooling  ejector 
shutoff  valve.    This  valve  will  open  and  aid  in  drawing  ram  air  across  the  heat 
exchanger . 

Return  to  junction  point  A.    Trace  down  to  pin  K  of  the  temperature 
controller  and  to  the  center  armature  of  the  temperature  control  switch.  This 
provides  28V  DC  power  for  the  automatic  and  manual  modes. 

Locate  the  warning  light  circuit  breaker.    Trace  from  this  circuit  breaker 
to  pin  A  of  the  turbine  overspeed  pressure  switch.    This  puts  a  power  potential 
to  the  pressure  switch.    If  the  pressure  on  the  inlet  side  of  the  compression 
turbine  exceeds  100  psi,  the  switch  will  close,  turning  the  warning  light  on. 

This  completes  the  power  supply  circuits  thai  are  energized  when  the 
power  is  first  applied  to  the  3ystem. 


Frame  (Continued) 

Complete  statements  14  through  22. 

14.  AC  power  Is  needed  only  when  using   mode  of 

temperature  control. 

15.  The  ground  cooling  ejector  shutoff  valve  opens  when  the  landing  gear 

handle  is  in  the  position. 

16-  power  is  supplied  to  the  temperature 

control  switch. 

17.  If  wire  number  H20A20  were  open,  it  would  cause  the   

  to  be  inoperative. 

18.  If  wire  number  H20B20  were  open,  it  would  affect  the   


19.  If  wire  number  H9A20  were  open,  it  would  affect  the   mode 

of  operation. 

20.  The  entire  system  is  inoperative,  the  most  probable  cau*se  will  be  an  open 
in  wire  number   . 

21.  It  wire  number  H71B20  were  open,  the  bleed  air  pressure  regulator  and 
shutoff  valve  would   (open/close) . 

22.  If  wire  number  H61B20  were  open,  the  valve  that  would  be  affected  is  the 

  and  it  would 

run  

TRACE  THE  POWER  CIRCUITS  ON  FIGURE  5. 

When  you  complete  this  lesson,  all  circuits  on  figure  5  should  be  traced. 
Pay  close  attention  to  the  switch  positions  and  components  that  receive  power. 
Before  continuing  with  the  lesson,  be  sure  you  have  traced  the  power  circuits 
on  figure  5. 

If  any  of  your  answers  were  incorrect,  review  the  material  or  ask  your 
instructor  for  assistance.    Check  the  circuits  to  make  sure  you  understand  the 
information,  if  your  answers  were  correct,  continue  on  with  the  lesson. 

The  circuits  that  you  have  traced  will  provide  power  to  open  the  pressure 
regulator  and  shutoff  valve  and  to  open  the  ground  cooling  ejector  shutoff 
valve  and  to  send  power  (AC  and  DC)  to  the  temperature  controller. 
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Figure  2.     Cabin  Mixing  Valve,  Manual  Circuits. 
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Frame  5 


Now  turn  to  figure  2,    The  circuits  for  manual  Hot  and  Cold  have 
been  added.    Use  a  light  green  pencil  to  trace  the  manual  Hot  circuit. 
First,  draw  the  temperature  control  switch  to  the  manual  Hot  position. 
Trace  from  the  switch,  out  pin  S  of  the  temperature  controller,  through 
the  cabin  manual  temperature  limiter,  to  pin  B  of  the  cabin  dual 
temperature  mixing  valve  out  pin  C  to  ground.    This  causes  the  valve  to 
run  to  the  hot  position. 

Remember,  when  the  valve  is  in  the  hot  position,  the  indicator  on  the 
valve  will  show  "closed," 

Now,  return  to  the  temperature  control  switch.    Using  a  blue  pencil, 
draw  the  switch  to  the  manual  cold  position.    Trace  out  pin  V  of  the 
temperature  controller  to  pin  A  of  the  cabin  dual  temperature  mixing  valve. 
This  causes  the  valve  to  run  to  the  cold  position,  the  indicator  will  show 
"open." 

Complete  statements  23  through  27. 

After  completing  the  statements,  go  to  figure  5  and  trace  the  circuits 
that  you  have  just  traced  on  figure  2. 

23,  When  the  temperature  control  switch  i3  placed  in  manual  hot  or  cold, 

  volts  DC  is  supplied  to  the  cabin  dual  temperature 

mixing  valve, 

24,  If  wire  number  H25D20  were  open,  the  cabin  dual  temperature  mixing 
valve  could  only  be  run  to  the  _____ or   position, 

25,  If  wire  number  H2  2D20  were  open,  only  auto  and  manual  

could  be  selected. 

26,  The  cabin  temperature  limiter  is  a  normally  switch. 

27,  The  cabin  dual  temperature  mixing  valve  failed  to  open  or  close,  one 
probable  cause  would  be  in  wire  number    or  _____  . 
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Figure  3.    Cabin  Mixing  Valve,  Automatic  Circuits.  1452 
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Frame  6 

Turn  to  figure  3.    Let's  trace  the  circuits  for  the  automatic 
operation  of  the  cabin  dual  temperature  mixing  valve.    Starting  at 
the  temperature  control  switch,  use  your  orange  pencil  and  draw  the 
switch  to  the  automatic  position.    Trace  the  circuit  down  to  the  cabin 
transistors.    With  power  available  to  the  cabin  transistors  from  the 
magnetic  amplifiers,  the  current  can  continue  to  the  valve  through  one 
of  the  two  circuits.    Operation  of  the  hot  or  cold  transistors  will 
direct  the  current  flow.    Let's  trace  the  hot  circuit  first. 

Start  at  the  cabin  transistor  on  the  circuit  marked  "Hot.11 
Using  a  dark  green  pencil,  trace  to  pin  b  of  the  controller.  Continue 
tracing  to  the  cabin  manual  temperature  limiter,  through  the  limiter 
switch,  to  pin  B  of  the  cabin  dual  temperature  mixing  valve  out  pin  c  to 
ground  will  cause  the  valve  to  operate  toward  hot. 

Return  to  the  cabin  transistors  again.    Using  the  purple  pencil, 
trace  the  cold  circuit  to  pin  d  on  the  temperature  controller  and  to 
the  cold  side  of  the  cabin  dual  temperature  mixing  valve.    This  will 
cause  the  valve  to  operate  toward  cold.    The  signal  that  determines  if 
the  hot  or  cold  transistor  will  conduct  comes  from  the  bridge  circuit 
which  is  covered  later  in  the  lesson. 

Complete  statements  28  through  34. 

28.  In  automatic,  the  cabin  temperature  mixing  valve  receives  power 
when  rh*    transistors  are  conducting. 

29.  The  cabin  transistors  receive  DC  power  when  the  temperature  control 
switch  is  placed  in  position. 

30.  In  order  for  the  system  to  operate  in  automatic,  115V  AC  mnst  be 
applied  to  the  • 

31.  If  the  cabin  manual  temperature  limiter  were  open,  the  valve  that 
would  be  affected  would  be  the  


32.  If  wire  number  were  open,  automatic  cold  would  be 

inoperative. 

33.  If  the  wire  were  open  at  junction  point  X,    temperature 

control  would  be  inoperative. 

34*    The  signal  that  determines  if  the  hot  or  cold  transistors  will 

conduct  ia  the  automatic  modes  comes  from  the   circuit. 


On  figure  5,  trace  the  operation  of  the  cabin  dual  temperature  mixing 
valve  that  you  have  Just  traced  on  figure  3. 
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Frame  7 


If  all  of  your  answers  are  correct,  continue  with  the  lesson. 
Recheck  the  circuit  if  any  of  your  answers  are  incorrect.    The  last 
circuit  that  you  trace  is  the  bridge  circuit.    Using  figure  5  and  a 
black  pencil,  trace  the  cabin  bridge  circuit  by  starting  at  the  ground 
point  of  the  cabin  temperatare  selector.    This  is  actually  the  ground 
end  of  resistor  R8.    Trace  through  R8,  then  through  the  temperature 
selector  to  junction  point  Y  down  through  resistor  R6  to  pin  P  of  the 
controller,  then  to  the  bottom  of  the  foothe*t  position.  Trace 
through  the  switch  to  the  cabin  magnetic  amplifiers.    This  circuit 
allows  the  pilot  to  select  the  desired  temperature. 

Go  back  to  junction  point  Z,    Trace  from  junction  7  to  pin  A  of 
the  cabin  temperature  sensor,  th.'ough  the  sensor,  and  out  pin  B.  Then 
trace  from  pin  B  to  pin  T  of  the  controller  and  into  the  cabin  magnetic 
amplifiers.    This  circuit  senses  the  air  temperature  entering  the  cabin 
and  sends  a  signal  to  the  cabin  magnetic  amplifiers. 

Complete  statements  35  through  38. 

35.    The  pilot  can  automatically  change  the  temperature  in  the  cabin  by 

changing  the  position  of  the   


36.  The  cabin  temperature  sensor  senses  the  temperature  of  the  a-Jr 
  (entering/leaving)  the  cabin  area. 

37.  An  open  in  the  sensor  circuit  will  cause  the  system  to  call 
for   air. 

38.  A  short  in  the  temperature  sensor  circuit  will  cause  the  system 
to  call  for  air. 


You  have  just  completed  tracing  the  Cabin  Air  Conditioning  System 
Wiring  Diagram.    We  will  now  do  a  Performance  Exercise  to  check  your 
knowledge,  after  completion  of  the  performance  exercise,  see  your 
instructor  to  start  your  performance  test. 
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PERFORMANCE  EXERCISE 

Listed  below  are  fifteen  (15)  questions  pertaining  to  the  wirxng 
diagram  you  have  just  completed.    Follow  the  directions  for  each  part. 

Place  a  T  for  True  or  an  F  for  False  in  the  blank  provided  for  each  statement. 

 1-      The  automatic  and  manual  temperature  control  switch  is  used  to 

select  the  desired  temperature  in  automatic. 

 2.      AC  and  DC  power  is  required  to  operate  the  cabin  temperature 

control  system  in  the  automatic  mode. 

 3*      °nly  DC  power  is  required  to  operate  the  temperature  control 

system  in  manual  mode. 

 4-      The  cabin  manual  temperature  limiter  has  a  positive  coefficient 

of  resistance. 

 5.      The  ground  cooling  ejector  valve  helps  draw  ram  air  to  flow 

across  the  heat  exchanger  when  the  aircraft  is  ou  the  ground. 

For  quest  Jons  6  through  10  below,,  fill  in  the  blanks. 

6.     A  sensing  element  in  which  the  resistance  goes  down  when  the 


temperature  goes  up  is  said  to  have  a 
coefficient  of  resistance. 


7.      The  cabin  transistors  will  conduct  when  using  the 
mode. 


8.      The  cabin  temperature  sensor  has  a 
coefficient  of  resistance. 


9.     A  short  in  a  negative  coefficient  element  would  cause  a 
.  resistance  in  the  element.    This  would  cause 


a  demand  for  air. 

10.  and 


needed  for  automatic  operation  of  the  cabin  system. 


power  is 
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Select  the  description  from  column  B  and  glace  the  blank  beside 
the  component  It  best  describes . 


A 

11.  Temperature  control  switch 

12.  Landing  gear  control 
switch 

13.  Temperature  controller 

14.  Cabin  temperature  sensor 

15.  Cabin  manual  temp  limiter 


B 

a.  Contains  the  selectors  and 
switches  for  operation  of  the 
cabin  temperature  control 
system. 

b.  Controls  the  maximum  temperature 
in  the  system. 

c.  Supplies  power  to  the  cabin  dual 
temp  mixing  valve. 

d.  Controls  the  operation  of  the 
ground  cooling  ejector  shutoff 
valvs. 


e.  Controls  the  operation  of  the 
bleed  air  pressure  regulator 
and  shutoff  valve. 

f .  Has  a  negative  coefficient  of 
resistance. 


STOP:     SEE  YOUR  INSTRUCTOR! 1 1 ! 


Instructor's  Initials 
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Answers  to  WB-201 

1  .  emergency  vent  knob 

2.  energized 

3.  cabin  air  conditioning 

4.  gear  down 

5.  28 

6.  gear  up 

7.  manual  and  automatic 

8.  temperature  controller 

9.  cold 

10.  automatic 

11.  bridge 

12.  automatic  or  manual  hot 

13.  closed 

14.  automatic 

15.  gear  down 

16.  28  volts  DC 

17.  automatic  and  manual 

18.  ground  cooling  ejector  shutoff 
valve 

19.  automatic 

Answers  to  Performance  Exercise 


1.  F  6.  negative 

2.  T  7.  automatic 

3.  T  8.  negative 

4.  F  9.  low,  cold 

5.  T  10.  AC  and  DC 


20.  H20E20 

21.  close 

22.  ground  cooling  ejector 
shutoff  valve,  closed 

23.  28V  DC 

24.  open  or  cold 

25.  hot 

26.  closed 

27.  H37A20N  or  H20A20 

28.  cabin 

29.  automatic 

30.  cabin  magnetic  amplifier 

31.  cabin  dual  temperature  mixing 
valve 

32.  H22C20 

33.  automatic 

34.  bridge 

35.  cabin  temperature  selector 

36.  entering 

37.  hot 

38.  cold 

11.  C 

12.  D 

13.  A 

14.  F 

15.  B 
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Figure  4.    Wiring  Diagram  Fighter  Air  Conditioning  System. 
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OBJECTIVE 


After  you  complete  this  programmed  text,  you  will  be  able  to: 

a.  Relate  a  minimum  of  8  out  of  10  fighter  cabin  air  conditioning 
system  components  to  their  operation. 

b.  Relate  a  minimum  of  4  out  of  5  defog  system  components  to  their 
operation. 

INSTRUCTIONS 

This  programmed  text  presents  information  in  small  steps  called 
"frames."    After  each  frame  you  are  asked  to  complete  a  statement  or 
match  some  statements.    Read  the  material  presented  and  make  your 
response  as  directed.    After  you  have  made  your  response,  compare  your 
answer  with  the  correct  answer  given  at  the  back  of  the  text.    If  your 
answer  is  incorrect,  restudy  the  frame  to  get  the  information  correct. 
Write  the  answer  next  to  your  original  response  and  then  proceed  to  the 
next  frame.    If  necessary,  you  may  go  back  to  check  information  previously 
given,  but  do  not  skip  ahead. 

This  programmed  text  is  divided  into  two  sections.    Have  your  instructor 
check  your  work  after  completing  each  section. 


Supersedes  C3ABR42331-PT-202A,  16  March  19b J. 
OPR:     3370  TCHTG 
DISTRIBUTION:  X 

3370  TCHTG/TTGU-P  -  300;  DAV  -  1 
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SECTION  I 


Frame  1 

in  your  job  as  an  Environmental  System  Mechanic,  it  is  vital  that 
you  know  how  various  types  of  aircraft  air  conditioning  systems  work. 
In  one  of  your  past  lessons  you  learned  about  a  trainer  type  aircraft 
air  conditioning  system.    In  this  lesson,  you  will  learn  how  a  typical 
fighter  aircraft  air  conditioning  system  works. 

The  fighter  air  conditioning  system  serves  quite  a  few  purposes. 
It  will  furnish  conditioned  air  for  crew  comfort,  windshield  and  canopy 
defrosting,  and  for  cooling  the  electronic  equipment  found  in  the 
cockpit. 

The  fighter  air  conditioning  system  is  similar  to  the  trainer  aircraft 
air  conditioning  system.    That  is,  the  fighter  system  will  also  get  hot, 
high  pressure  bleed  air  from  the  engines  and  cool  it  through  the  use  of 
a  refrigeration  unit.    Look  for  and  learn  the  differences  in  the  parts 
used  to  control  the  airflow  and  temperature  in  this  system.  Remember, 
to  do  maintenance  on  an  air  conditioning  system,  you  must  first  know 
how  the  system  works. 

Fill  in  the  blanks  to  complete  the  following  statements  about 
the  fighter  air  conditioning  system. 

1.  It  provides  conditioned  air  lor    and 

defrosting. 

2.  It  provides  air  for  cooling  the    equipment  located 

in  the  cockpit. 

3.  It  provides  conditioned  air  to  the^ cockpit  for    comfort. 


4.      It  receives  hot,  high-pressure  bleed  air  from  the 


Frame  2 


In  the  fighter  air  conditioning  system,  the  air  conditioning 
components  are  grouped  into  an  assembly  called  the  "refrigeration 
unit."    The  two  drawings  on  the  opposite  page  are  the  front  and  back 
views  of  the  refrigeration  unit.    The  refrigeration  anit  consists  of 
the  following  components,  which  are  identified  by  corresponding  numbers 
in  the  illustration. 

1.  Bleed  air  pressure  regulator  anc*  shutoff  valve, 

2.  Heat  exchanger. 

3.  Ground  cooling  ejector  shutoff  valve. 

4.  Turbine  over~peed  pressure  switch. 

5.  Flc    limiting  venturi. 

6.  Cabin  dual  temperature  mixing  valve. 

7.  Turbine  assembly. 

8.  Water  separator. 

9.  Anti-ice  valve. 

10.  Anti-ice  controller. 

11.  Lag  chamber. 

12.  Engine  bleed  air  duct. 

13.  Conditioned  air  outlet. 

14.  Ram  air  inlet . 

15.  Ram  air  outlet. 

16.  Rupture  disc. 

In  the  frames  that  follow,  each  of  these  components  will  be  described. 
As  each  component  is  described,  you  should  refer  back  to  the  illustrations 
of  the  refrigeration  unit.    This  will  help  you  see  how  each  component  makes 
up  a  part  of  this  system. 

The  bleed  air  that  enters  inlet  number  12  is  from  the  bleed  air 
manifold.    Remember,  this  is  hot,  high-pressure  air  from  the  engine 
compressor. 

NO  RESPONSE  REQUIRED 
I  I  I  I  I  I  I  I  I  I  I  I  I  I  I 
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1. 

BLEED  AIR  PRESSURE  REGULATOR  AND  SHUTOFF  VALVE 

2. 

HEAT  EXCHANGER 

11. 

LAG  CHAMBER 

3. 

GROUND  COOLING  EJECTOR  SHUTOFF  VALVE 

12. 

ENGINE  BLEED  AIR  INLET 

4. 

TURBINE  OVERSPEED  PRESSURE  SWITCH 

13. 

CABIN  AIR  OUTLET  DUCT 

5. 

FLOW  LIMITING  VENTURI 

14. 

RAM  AIR  INLET  DUCT 

6. 

CABIN  DUAL  TEMPERATURE  MIXING  VALVE 

15. 

RAM  AIR  OUTLET  DUCT 

7. 

COOLING  TURBINE 

16. 

RUPTURE  DISC 

8. 

WATER  SEPARATOR 

9. 

ANTI-ICE  VALVE 

10. 

ANTI-ICE  CONTROLLER 

5 
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Frame  3 

In  a  few  of  the  following  frames,  small  diagrams  will  be  used  to 
show  you  how  the  air  flows  through  this  system.    These  diagrams  are 
simplified  and  will  start  by  showing  only  part  of  the  system.    As  you 
move  on  through  this  text,  other  parts  will  be  added  until  the  system 
is  complete. 

For  example,  the  diagram  below  shows  only  the  flow  of  air  from  the 
bleed  air  system  to  the  turbine  assembly.    By  following  the  airflow  on 
these  diagrams,  it  should  make  it  easier  for  you  to  see  how  each  part 
fits  into  this  system. 

From  your  studies  of  the  trainer  system,  you  should  recall  that  the 
first  part  in  the  system  was  a  shutoff  valve.    The  fighter  is  similar; 
that  is,  it  also  has  a  valve  to  control  the  starting  and  stopping  of 
airflow  through  the  system. 

The  valve  that  does  this  task  on  the  fighter  system  is  the  bleed 
air  pressure  regulator  and  shutoff  valve. 

Actually,  as  the  name  implies,  this  valve  serves  two  purposes.  It 
serves  as  a  shutoff  valve  for  the  cockpit  air  conditioning  system  and  it 
also  serves  to  regulate  the  air  pressure  going  through  the  air  conditioning 
system. 

During  normal  operation  of  the  air  conditioning  system,  this  valve 
will  regulate  pressure  at  62  psi.    NOTE  the  location  of  this  valve  (number 
1)  in  the  schematic  below. 


Fill  in  the  blanks  to  complete  the  following  statements. 

1.  The  unit  used  to  shutoff  the  air  conditioning  system  is  the  bleed 
air  pressure  regulator  and  

2.  The  air  going  through  the  air  conditioning  system  is  regulated  at 

62  psi  by  the  bleed  air  and  shutoff 

valve. 
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Frame  4 


The  bleed  air  pressure  regulator  and  shutoft  valve  is  an  air  actuated , 
solenoid  controlled  valve.    It  is  made  up  of  a  pneumatic  actuator,  butter- 
fly valve,  and  two  solenoids. 

Engine  bleed  air  that  is  used  to  operate  the  valve  is  taken  upstream 
of  the  butterfly  valve  and  led  through  the  solenoid  (marked  "A"  in  the 
illustration)  to  the  pneumatic  actuator. 


When  this  solenoid  is  de-energized,  the  air  pressure  is  directed  to 
close  the  valve.    When  the  solenoid  is  energized,  the  air  pressure  is 
directed  to  open  the  valve.    This  will  let  airflow  through  the  valve  and 
to  the  air  conditioning  system. 

The  pressure  of  this  airflow  is  regulated  at  62  psi  by  the  regulating 
portion  of  the  valw. 

The  pressure  in  the  duct  if*  sensed  by  a  sensing  line  before  it  enters 
the  turbine  assembly.    When  the  pressure  in  the  duct  reaches  62  psi,  the 
sensing  line  will  allow  this  pressure  to  be  applied  to  the  regulating 
portion  of  the  valve,    This  will  cause  the  valve  to  adjust  to  a  position 
(partially  closed)  that  will  maintain  62  psi  in  the  system. 

The  second  solenoid  (marked  "B"  in  the  illustration)  is  used  to 
reduce  air  conditioning  system  pressure  to  40  psi  when  the  rain  removal 
system  is  operated.    The  rain  removal  system  will  be  explained  in  a 
separate  text. 


1. 
2. 
3. 
4. 


Fill  in  the  blanks  to  complete  the  following  statements. 

The  bleed  air  pressure  regulator  and  shutoff  valve  is  controlled 
by  a   . 

The  bleed  a^r  pressure  regulator  and  shutoff  valve  is  actuated  by 


The  bleed  air  pressure  regulator  and  shutoff  valve  requires  both 
 and   power  for  operation. 

The  unit  that  controls  air  pressure  for  the  air  conditioning  system 
Is  the  bleed  air  and 
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Frame  5 

After  the  regulated  bleed  air  flows  through  the  pressure  regulator 
and  shutoff  valve,  It  flows  through  the  heat  exchanger  (nunibar  2  In  the 
Illustration  shown)  and  to  the  hot  side  of  the  temperature  control  valve 
(number  6  In  the  illustration). 

On  the  illustration  shown,  note  the  path  of  airflow  from  the  pressure 
regulator  and  shutoff  valve  to  the  heat  exchanger  and  the  path  to  the 
temperature  control  valve. 

The  heat  exchanger  is  an  air-to-air  type  and  works  on  the  same 
principle  as  the  heat  exchanger  in  the  trainer  aircraft  air  conditioning 
system.    That  is,  it  cools  the  engine  bleed  air  by  transferring  heat  from 
the  bleed  air  to  the  ram  air 

As  shown  in  the  illustration,  this  heat  exchanger  is  divided  into  two 
sections;  the  primary,  or  hot  bleed  air  section,  and  the  secondary,  or  the 
compressor  discharge  section. 

The  hot  engine  bleed  air  is  directed  through  the  primary  section  for 
initial  cooling.  From  there  it  flows  through  the  turbine  assembly  and  is 
then  directed  to  the  secondary  section  for  additional  cooling. 


RAM  AIR  IN16T 


Fill  in  the  blanks  to  complete  the  following  statements. 

1.  The  heat  exchanger  consists  of  the   section  and  the 

section. 

2.  Initial  cooling  of  the  bleed  air  is  accomplished  by  the   

section  of  the  heat  exchanger. 


Frame  6 


The  illustration  below  shows  the  heat  exchanger  for  the  cockpit  air 
conditioning  and  identifies  the  various  connections.    The  engine  bleed 
air  from  the  pressure  regulator  and  shutoff  valve  enters  the  primary 
air  inlet  (5),  passes  through  the  primary  section  of  the  heat  exchanger 
and  then  to  the  compressor  section  of  the  turbine  assembly  (1).    Air  is 
also  taken  from  the  primary  section  of  the  heat  exchanger  for  the  rain 
removal  system  (4). 

The  air  from  the  compressor  section  of  the  turbine  assembly  enters 
the  secondary  inlet  (2),  passes  through  the  secondary  section,  and  out  to 
the  expansion  turbine  through  the  secondary  outlet  (3). 


1.  OUTLET  TO  COMPRESSOR 

2.  INLET  FROM  COMPRESSOR 

3.  OUTLET  TO  TURBINE 

4.  RAIN  REMOVAL  OUTLET 

5.  BLEED  AIR  INLET 


2. 


3. 


Fill  in  the  blanks  to  complete  the  following  statements. 

The  primary  section  cools  the  air  for  the  __   air 

conditioning  system,  and  the   .  removal  system. 

As  the  bleed  air  passes  through  the  heat  exchanger,  the  heat  is 
transferred  to  the   air. 

The  air  from  the  turbine  assembly  flows  through  the   

section  of  the  heat  exchanger. 


ER?C 
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Frame  7 


In  flight  the  forward  movement  of  the  aircraft  gives  plenty  of  ram 
air  for  the  heat  exchanger  operation.    But  for  ground  operation,  another 
means  must  be  used  to  draw  ram  air  across  the  heat  e>  hanger. 

A  ground  cooling  elector  assembly  is  used  to  boost  the  cooling 
efficiency  of  the  heat  exchanger  while  the  aircraft  is  on  the  ground. 

This  assembly  is  made  up  of  a  ground  cooling  ejector  shutof f 
valve  (number  3  in  the  illustration)  and  the  ejector  nozzle  (number  15) . 
Find  these  twc  parts  on  the  illustration  shewn. 

Note  that  bleed  air  is  tapped  from  the  hot  air  duct  before  it  goes 
in  the  primary  section  of  the  heat  exchanger  and  is  directed  to  the 
ground  cooling  ejector  shutof f  valve. 

When  this  valve  is  open,  engine  bleed  air  is  directed  to  the  ejector 
nczzles.    The  ejector  nozz~.es  are  located  in  the  heat  exchanger  ram  air 
outlet. 

As  the  engine  bleed  air  passes  through  the  ejector  nozzles  it  causes 
a  low  pressure  area  directly  behind  the  nozzles.    This  low-pressure  ar<=>a 
helps  to  draw  ram  air  across  the  heat  exchanger.    This  will  cause  cooling 
(ram)  air  to  flow  over  the  heat  exchanger,  thereby  increasing  the  cooling 
efficiency  during  ground  operation. 


Fill  in  the  blanks  to  complete  the  following  statements. 

1.  During  ground  operation,  ram  airflow  across  the  heat  exchanger  is 
caused  by  opening  the  ground  cooling   

2.  The  ground  cooling  ejector  assembly  consists  of  a  ground  cooling 


FROM  BLEED 
AIR  SUPPLY 


© 


ejector 


and  an  ejector 
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This  valve  is  controlled  by  the  landing  gear  auxiliary  relay  which 
receives  its  power  f.om  a  switch  on  the  landing  gear  handle.    When  the 
handle  is  in  the  gear  down  position,  28V  DC  power  is  directed  to  the 
landing  gear  auxiliary  relay.     This  energizes  the  relay  which  will  route 
power  to  the  open  side  of  the  valve  and  move  the  valve  to  the  open  position. 
When  the  valve  is  open,  bleed  air  flows  through  the  ejector  nozzles. 

When  the  landing  gear    andle  is  in  the  gear  up  position,  the  landing 
gear  auxiliary  relay  de-energizes  and  routes  the  power  to  the  closed  sida 
of  the  valve.     This  will  move  the  valve  to  the  closed  position  and  stop 
the  air  going  to  the  ejector  nozzles.     In  this  way,  the  ejector  ^asembly 
only  operates  when  the  landing  gear  handle  is  down,  which  is  mainly  during 
ground  operation. 

Fill  in  thp  blanks  to  complete  the  following  statements. 

1.      The  unit  that  controls  the  airflow  to  the  ground  cooling  ejector 

nozzles  is  the  ground  cooling  • 


2.      The  ground  cooling  ejector  shutoff  valve  is  controlled  by  the 


3.      For  the  ground  cooling  ejection  system  to  operate,  the  landing  gear 
handle,  must  be    (up/down). 
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Frame  9 

The  principle  of  operation  of  the  ejector  nozzle  is  similar  to  a  fan. 
A  fan  accelerates  the  movement  of  air  by  the  design  of  the  fan  blades. 
As  the  fan  moves  the  air  it  causes  a  low  pressure  vacuum  area  behind  the 
fan.    This  causes  more  air  to  move  toward  the  fan  which  results  in  a 
continuous  movement  of  air  behind  the  fan  as  well  as  in  front  of  the  fan. 

The  ejector  nozzle  assembly  consists  of  several  small  air  outlets 
(ejector  nozzles).    As  the  high-pressure  air  from  the  bleed  air  system 
is  forced  out  through  each  of  the  ejector  nozzles,  it  moves  rapidly  due 
to  the  high-pressure.    This  rapid  movement  of  the  air  surrounds  each  of 
the  nozzles. 

The  air  movement  causes  a  low  pressure  area  behind  the  nozzles 
(similar  to  the  operation  cf  a  fan).    This  causes  the  cooler  outside  air 
to  move  from  the  ram  air  inlet,  across  the  heat  exchanger,  and  be  dis- 
charged at  the  ram  air  outlet. 

Note  the  flow  of  air  through  the  ejector  and  the  heat  exchanger  in 
the  illustration. 


HEAT  EXCHANGER 
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Frame  9  (Cont'd) 

Fill  In  the  blanks  to  complete  the  following  statements. 

1.  Ram  air  is  drawn  across  the  heat  exchanger  by  ejecting   

air  through  the  ejector  nozzles. 

2.  When  bleed  air  is  ejected  through  the  ejector  nozzles,  it  causes  a 
  area  behind  the  nozzles. 
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Frame  10 


Match  the  units  listed  in  Column  "B"  with  the  statements  given  in 
Column  "A."1 


2. 
3. 
4. 
5. 
6. 
7. 


Column  A 

Directs  engine  bleed  ai{  to  the 
ejector  nozzles. 


Column  B 

A,      Pressure  Regulator  and 
Shucoff  Valve. 


Serves  as  a  shutoff  valve  for  the  B. 
cabin  air  conditioning  system. 


Heat  Exchanger. 


Causes  a  low-pressure  area  in  the 
heat  exchanger  ram  air  outlet. 


C.  Ground  Cooling  Ejector 
Shutoff  Valve. 

D.  Ground  Cooling  Ejector 
Nozzles. 


  Opened  only  when  the  landing  gear 

handle  is  in  the  gear  down  position. 

  Regulates  system  air  pressure  at 

62  psi. 

  Transfers  heat  from  ti     )leed  air 

to  the  ram  air. 

  Actuated  by  air  pressure  and 

controlled  by  a  solenoid. 

Complete  the  following  statements. 

8.  When  the  solenoid  of  the  bleed  air  pressure  regulator  and  shutoff  valve 

is  energized,  with  air  pressure  available,  the  valve  will   

(open/close) . 

9.  The  solenoid  controls  the  pressure  regulator  and  shutoff  valve  by 
controlling  air  pressure  to  the  • 


10.    The  pressure  regulator  and  shutoff  valve  controls  air 
in  the  air  conditioning  system,  and  also  serves  as  a  _ 
valve. 
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Frame  11 


After  the  air  Is  Initially  cooled  by  the  primary  section  of  the  heat 
exchanger,  It  flows  to  the  turbine  asseubly*    The  pressure  of  this  air 
will  be  sensed  by  two  safety  devices  which  protect  the  system  from  damage 
caused  by  excessive  pressure* 

These  two  devices  are  the  turbine  overspeed  pressure  switch  (number 
4  in  the  illustration  below)  and  the  rupture  disc  (number  16) .  Notice 
the  location  of  these  two  components  in  the  illustration  below. 


The  purpose  of  the  turbine  overspeed  pressure  switch  is  to  alert  the 
pilot  of  an  excessive  pressure  condition  by  turning  on  a  warning  light  in 
the  cockpit.    Should  the  pressure  continue  to  build  up,  the  rupture  disc 
will  blow  out  (rupture)  and  relieve  the  excessive  pressure  overboard. 

Fill  in  the  blanks  to  complete  the  following  statements. 

1.  Ihe  two  safety  devices  that  are  used  to  protect  the  system  from  damage 

caused  oy  excessive  pressure  are  the  turbine  overspeed   

  and  the  . 

2.  Should  the  pressure  of  the  air  going  to  the  turbine  become  excessive, 

the  turbine  (  win  turn 

on  a  warning  light. 
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Frame  12 


You  should  recall  from  frames  3  and  4  that  the  pressure  regulator  and 
shutoff  valve  Is  designed  to  keep  pressure  going  to  the  turbine  assembly 
at  62  psi.    But,  if  this  unit  fails,  the  pressure  could  exceed  62  psi. 

If  the  pressure  gets  too  high  it  could  cause  the  turbine  to  overspeed 
and  cause  damage  to  the  heat  exchanger  or  ducting.  However,  this  pressure 
increase  would  be  sensed  by  the  turbine  overspeed  pressure  switch. 

The  turbine  overspeed  pressure  switch,  shown  below,  is  a  sealed  unit 
with  electrical  and  air  connections. 

When  the  pressure  reaches  100  psi,  the  pressure  switch  will  complete 
an  electrical  circuit  turning  on  the  TURBINE  OVERSPEED  warning  light  in 
the  cockpit.    This  will  tell  the  pilot  that  the  system  pressure  is  too  high. 


The  cause  for  the  system  pressure  being  too  high  could  be  a  fault  in 
the  pressure  regulating  part  of  the  pressure  regulator  and  shutoff  valve. 
It  would  not  be  regulating  system  pressure  at  62  psi,  but  letting  system 
pressure  exceed  100  psi  causing  the  switch  to  make  contact,  and  thus, 
turning  the  warning  light  ON. 

To  prevent  damage  to  the  system,  the  pilot  must  do  one  of  two  things. 
He  can  reduce  the  engine  throttle  setting  which  will  reduce  the  system 
pressure,  or  he  can  turn  the  air  conditioning  system  off. 

Remember,  that  the  turbine  overspeed  pressure  switch  does  not  prevent 
the  turbine  from  overspeeding,  but  it  is  used  to  alert  the  pilot  of  an 
overspeed  condition. 

Fill  in  the  blanks  to  complete  the  following  statements. 

1.      When  air  pressure  going  to  the  turbine  assembly  reaches  100  psi,  a 
warning  light  is  turned  ON  by  the   _  — 


2.  If  the  turbine  overspeed  warning  light  comes  ON,  damage  to  the  system 
is  prevented  by  the   reducing  the  throttle  setting. 

3.  The  turbine  overspeed  warning  light  coming  ON  indicates  a  malfunctioning 


ELECTRICAL  

CONNECTION 


AIR  PRESSURE 
FROM  SYSTEM 
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Frame  13 


The  rupture  disc,  illustrated  below,  is  designed  to  rupture  at  100 
psi.    During  an  overspeed  condition  if  the  system  pressure  is  not  reduce 
soon  enough,  or  if  it  cannot  be  reduced  for  some  reason,  and  pressure 
continues  to  build  up,  the  rupture  disc,  will  rupture  at  100  psi  and 
allow  system  pressure  to  bleed  overboard  thru  the  heat  exchanger. 


The  pressure  buildup  would  be  caused  by  a  malfunction  in  the  regulating 
portion  of  the  pressure  regulator  and  shutoff  valve. 

This  would  require  that  you,  as  a  maintenance  man,  to  remove  and 
replace  the  pressure  regulator  and  shutoff  valve  and  the  rupture  disc. 

Note  in  the  illustration  in  frame  11,  that  when  the  disc  (16) 
ruptures,  the  system  air  will  flow  thru  a  duct  and  out  thru  the  heat 
exchanger  ram  air  outlet. 

Fill  in  the  blanks  to  complete  the  following  statements. 

1.  If  the  pressure  of  the  air  going  to  the  turbine  should  exceed  100 
psi,  the  will  rupture. 

2.  If  the  rupture  disc  should  rupture,  the  bleed  air  is  discharged 
through  the  heat  exchanger  . 
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Frame  14 


The  air  that  flows  from  the  heat  exchanger  to  the  turbine  asaenfcly 
passes  through  a  flow  luting  venturi  (number  5  In  the  illustration  shown). 


TO  TURBINE 


SUED  All  j-tpL^ 


SUPPLY 


The  flow  limiting  venturi  serves  two  roles  in  the  system.    First,  the 
venturi  stopa  surges  from  getting  to  the  turbine  assembly  by  smoothing  out 
the  airflow  as  it  passes  through  the  venturi.    Second,  it  f ".ops  a  complete 
lors  of  air  pressure  if  *he  rupture  disc  should  fail.    This  will  insure 
sonr    ir  pressure  is  available  for  operation  of  the  auxiliary  air  systems. 

The  flow  limiting  venturi  is  shown  below.    It  is  similar  co  a  section 
of  ducting  except  that*  part  of  this  unit  is  smaller  (note  the  section 
where  arrow  "A"  Is  pointing).    This  is  called  the  throat  of  the  venturi. 


Because  the  throat  is  smaller,  the  venturi  will  curb  (restrict)  the 
amount  of  air  that  can  pass  through  it.  By  limiting  the  airflow  through 
it,  it  will  smooth  out  any  pressure  surges. 

Fill  Id  the  blanks  to  complete  the  following  statements. 

1.  Pressure  surges  are  prevented  from  reaching  the  turbine  assembly  by 
the  flow  • 

2.  When  the  rupture  disc  ruptures,  a  complete  loss  of  upstream  pressure 
is  pre  /ented  by  the  • 
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The  partially  cooled  air  from  the  primary  sectiou  of  the  heat  exchanger 
flows  through  the  flew  limiting  venturi,  then  up  to  the  cabin  dual 
temperature  mixing  valve  (number  6  in  the  illustration  below) . 

The  cabin  dual  temperature  mixing  valve  controls  the  amount  of  hot 
and  cold  air  going  to  the  cockpit.    Locate  thit  valve  in  the  illustration 
below. 

Notice  that  this  valve  is  a  dual  port  valve;  that  is,  it  has  two 
port 8  for  air  to  flow  through.    Notice  on  the  illustration  that  air  can 
flow  from  the  heat  exchanger  through  one  of  the  ports  to  the  turbine 
assembly.    This  port  is  called  the  cold  air  port. 

Also  notice  that  airflow  from  a  tapoff  (marked  A)  on  the  hot  air 
duct  can  flow  through  the  opposite  port.  This  port  is  called  the  hot 
air  port. 

When  the  cold  air  port  is  closed  and  the  hot  air  port  is  open,  all  of 
the  airflow  to  the  cockpit  will  bypass  the  heat  exchanger  and  turbine 
assembly.    This  provides  maximum  hot  air  to  the  cockpit. 

When  the  cold  air  port  is  open  and  the  hot  air  port  is  closed,  all 
of  the  airflow  to  the  cockpit  flows  through  the  heat  exchanger  and  turbine 
assembly.    This  provides  maximum  cold  air  to  the  cockpit. 

When  both  ports  are  partially  open  a  mixture  of  hot  and  cold  air  is 
delivered  to  the  cockpit. 

Fill  in  the  blanks  to  complete  the  following  statements. 

1.  The  unit  that  mixes  the  hot  and  cold  air  to  control  cockpit  temperature 
is  the  cabin  • 

2.  To  obtain  maximum  hot  air  for  the  cockpit,  the  cold  air  port  is 

  (closed/open) ,  and  the  hot  air  port  is   

(closed/open) . 


19 


14b0 


Frame  16 


The  cabin  dual  temperature  mixing  valve,  illustrated  below,  is  a 
dual  butterfly,  motor  operated  valve. 


Note  that  both  butterflies  are  actuated  by  the  same  motor. 

The  butterflies  are  connected  together  by  a  mechanical  linkage. 

When  the  cold  air  butterfly  moves  toward  closed,  the  hot  air 
butterfly  moves  toward  open. 

When  the  cold  air  butterfly  moves  toward  open,  the  hot  air  butterfly 
moves  toward  closed. 

This  valve  can  be  controlled  by  the  temperature  control  switch  or 
by  the  temperature  selector.    Actual  control  of  this  valve  will  be 
explained  later  in  this  te*t. 

The  indicator  on  the  valve  tells  the  mechanic  only  the  position  of 
the  cold  (larger)  port. 

If  the  indicator  is  "OPEN":  the  cold  port  is  open  allowing  precooled 
air  from  the  heat  exchanger  to  enter  the  turbine,  AND  the  hot  port  is 
closed  stopping  the  hot  airflow  to  the  cabin. 

If  the  indicator  is  "CLOSED":  the  cold  port  is  closed  stopping  the 
precooled  air  from  entering  the  turbine,  AND  the  hot  port  is  open 
allowing  hot  bleed  air  to  enter  the  cabin. 

If  the  indicator  is  BETWEEN  open  and  closed:  both  hot  and  cold  ports 
are  open  allowing  hot  ?nd  cold  air  to  mix  downstream  of  the  valve. 


coid  air 
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Frame  16  continued 
Fill  in  the  blanks  to  complete  the  following  statements. 

1.  When  both  ports  of  the  cabin  dual  temperature  mixing  valve  are 

partially  open,  a  mixture  of    and    air  will  be 

delivered  to  the  cockpit. 

2.  The  cabin  dual  temperature  mixing  valve  is  actuated  by  an  electric 


3.      The  butterflies  of  the  cabin  dual  temperature  mixing  valve  are 
connected  by  a  


Frame  17 

From  the  facts  you  gained  on  the  trainer  aircraft  air  conditioning 
system,  you  have  no  doubt  guessed  that  the  turbine  assembly  (number  7  in 
the  illustration  shown)  is  much  the  same  as  the  turbine  fan  assembly. 


mom  bleedI 

AIR  SYSTEM 


This  is  half  true.    That  is,  it  does  cool  air  by  rapid  expansion  and 
by  converting  heat  energy  to  mechanical  energy.    But,  instead  of  having  a 
fan  and  a  turbine,  this  assembly  has  two  turbines.    It  has  an  expansion 
turbine  (number  17)  and  a  compressor  turbine  (num  *r  18) . 

Let's  use  the  illustration  shown  to  tr^ce  th^  airflow  through  the 
turbine  assembly  so  tbut  we  can  break  down  this  unit's  operation. 

The  air  from  the  primary  section  of  the  heat  exchanger  flows  through 
the  compressor  turbine  where  it3  pressure  i3  increased.    From  the  compressor 
turbine,  the  air  flows  to  the  secondary  section  of  the  heat  exchanger,  and 
from  there  to  the  expansion  turbine. 
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Frame  17  continued 

As  the  air  flows  through  the  expansion  turbine,  the  pressure  of  the 
air  will  cause  this  turbine  to  rotate  (turn).     Sin^e  the  expansion  turbine 
and  the  compressor  turbine  are  on  a  common  shaft,  the  compressor  turbine 
also  rotates. 

Fill  in  the  blanks  to  complete  the  following  statements. 

1.  The  turbine  asse  lbly  consists  of  a    turbine  and  an 

  turbine. 

2.  The  air  flowing  through  the  compressor  turbine  is  from  the 
 section  of  the  heat  exchanger. 

3.  The  air  flowing  through  the  expansion  turbine  is  from  the 
  section  of  the  heat  exchanger. 

Frame  18 

It's  important  to  note  at  this  point  that  even  though  the  air  flows  thru 
the  compressor  turbine  first,  this  does  not  cause  the  turbine  to  turn.  The 
air  that  flows  through  the  expansion  turbine  compressor  will  cause  the 
turbines  to  turn,  or  we  can  say  the  expansion  turbine  drives  the  compressor 
turbine. 

For  the  expansion  turbine  to  drive  the  compressor  turbine,  it  must 
use  energy.    This  energy  is  in  the  form  of  heat  energy  from  the  partially 
cooled  bleed  air. 

In  the  course  of  driving  the  turbines,  the  heat  energy  is  changed  to 
mechanical  energy. 

By  using  the  heat  energy,  the  temperature  of  the  air  that  flows 
through  the  expansion  turbine  is  cut  down. 

In  addition  to  using  heat  energy,  the  pressur*  of  the  air  is  rapidly 
decreased  (expanded)  which  also  helps  to  decrease  the  temperature. 

Through  this  process  of  converting  heat  energy  to  mechanical  energy, 
and  rapidly  expanding  the  air,  the  turbine  assembly  is  able  to  deliver 
extremely  cold  air  to  the  cockpit  if  it  is  needed. 

Fill  in  the  blanks  to  complete  the  following  statements. 

1.      The  compressor  turbine  is  driven  by  the  . 


2.      The  turbine  assembly  cools  the  partially  cooled  bleed  ai*"  by  rapid 

  and  by  converting    energy  to 

  energy. 


Frame  19 

The  compr es 8 or  t ur b i ne  actually  serves  several  purposes.  It 
compresses  the  partially  cooled  air  from  the  primary  section  of  the 
heat  exchanger.     In  doing  so  it  puts  a  workload  on  the  expansion  turbine, 
The  workload  uses  the  energy  from  the  bleed  air  and  helps  to  keep  the 
turbines  from  overspeeding- 

The  turbine  assembly  is  illustrated  below.    This  will  help  you  to 
become  familiar  with  the  external  appearance  of  this  unit. 


Fill  in  the  blanks  to  complete  the  following  statements. 
1.      The  compressor  turbine  serves  three  purposes,  they  are; 

a.  Helps  to  keep  the  turbine  from  . 

b.  Uses  energy  from  the  bleed  air  by  putting  a   

on  the  expansion  turbine. 

c.  Serves  to    the  partially  cooled  air, 
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Frame  20 

You  may  be  wondering  why  the  compressor  turbine  is  used  to  compress 
the  air  that  was  partially  cooled  by  the  primary  section  of  the  heat 
exchanger.    Note  on  the  illustration  shown,  that  air  from  the  primary 
section  of  the  heat  exchanger  is  also  used  for  the  rain  removal  system. 

When  the  rain  removal  system  is  at  work,  it  causes  the  pressure  going 
to  the  turbine  asserbly  to  be  cut  down.    Also,  this  aircraft  is  designed  for 
operating  at  extremely  high  altitudes  where  the  outside  pressure  is  very  low. 

When  the  outside  pressure  is  low,  the  air  that  comes  from  the  bleed 
air  system  will  also  be  low  and  could  be  less  than  the  normal  62  psi. 

For  an  expansion  turbine  to  work  efficiently,  ic  needs  air  with  enough 
pressure  to  turn  it  at  very  high  RPMs.     If  the  pressure  should  become  too 
low    this  would  not  be  possible.    This  is  where  the  compressor  turbine  comes 
in.     It  increases  the  pressure  so  that  the  expansion  turbine  will  operate 
ef f  ciently . 

Of  course  when  the  pressure  is  increased,  the  temperature  is  also 
inc -eased.    Notice  that  the  air  from  the  compressor  turbine  is  routed  to  the 
sec  .ndary  section  of  the  heat  exchanger  where  its  partially  cooled  again. 

From  the  secondary  section  of  the  heat  exchanger  it  goes  to  the 
exp  \nsion  turbine  for  final  cooling. 


FROM  ,LEED 
AIR  5   5  EMf 


ERIC 


1. 
2. 

3. 


Fill  in  the  blanks  to  complete  the  following  statements. 

The  bleed  air  from  the  bleed  air  system  is  first  cooled  by  the 
  section  of  the  heat  exchanger. 


vfter  the  bleed  air  is  cooled  by  the  primary  section  of  the  heat 
exchanger  it  is  compressed  by  the   -  1 

■be  air  from  the  compressor  turbine  is  partially  cooled  by  the 
  section  of  the  heat  exchanger,  and  then  further 


cooled  by  the 
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Frame  20  (Cont'd) 


4.      The  reason  for  compressing  the  air  with  the  compressor  turbine 

is  to  increase  the  pressure  so  the  turbine  will 

operate  more  . 


Frame  21 

The  temperature  of  air  in  the  cabin  depends  on  the  position  of  the 
cabin  dual  temperature  mixing  valve.    Let's  follow  the  airflow  for  the 
various  temperature  conditions  on  the  illustration  shown. 


COLD 


When  maximum  cold  air  is  needed,  the  cold  air  port  opens  and  the 
hot  air  port  closes.    This  will  cause  all  of  the  air  to  flow  through 
the  heat  exchanger  and  turbine  assembly  before  it  goes  to  the  cockpit. 
Note  the  path  of  air  flow  through  the  heat  exchanger  and  turbine  assembly 
on  the  illustration  shown. 

When  maximum  hot  air  is  received,  the  cold  air  port  is  closed  and 
the  hot  air  port  is  open.    This  will  cause  all  of  the  air  to  bypass  the 
heat  exchanger  and  turbine  assembly.    Note  the  path  of  airflow  from  the 
hot  air  duct,  and  through  the  hot  air  port  of  the  dual  temperature 
mixing  valve. 

When  an  intermediate  temperature  selection  is  needed,  only  part  of 
the  air  will  flow  through  the  heat  exchanger  and  turbine  assembly.    Part  of 
the  air  bypasses  these  units.    The  hot  and  cold  air  then  mixes  at  point  ffX,n 
and  flows  from  there  to  the  cockpit.    The  arrows  on  the  illustration  above 
show  the  path  of  air  to  the  point  marked  "X"  where  the  air  is  being  mixed. 

NO  RESPONSE  REQUIRED 


25 


1486 


Frame  22 


Match  the  units  in  Column  "B"  with  the  statements  given  in  Column 
"A,"  by  placing  the  letter  from  Column  "B"  in  the  blanks  provided. 


Column  A 

1.  Consists  of  an  expansion  turbine  A. 

and  a  compressor  turbine. 


2.  Motor  operated  dual  butterfly 

valve. 

3.    Smoothes  out  pressure  surges. 


4.    A  safety  device  to  relieve 

excessive  pressure. 

5.    Senses  an  overpressure  condition 

and  turns  on  a  warning  light. 


B. 
C. 
D. 
E. 


Column  B 

Turbine  overspeed 
pressure  switch. 

Rupture  disc* 

Turbine  assembly. 

Flow  limiting  venturi. 

Cabin  dual  temperature 
mixing  valve. 


Circle  the  number  of  the  true  statements. 

nhe  turbine  assembly  cools  air  by  rapid  expansion  and  by  converting 
heat  energy  to  mechanical  energy* 


7.     Che  compressor  turbine  drives  the  expansion  turbine. 

3.     flien  the  cold  air  port  of  the  cabin  dual  temperature  mixing  valve 
Is  open,  the  hot  air  port  is  closed. 

9.  To  receive  maximum  hot  air  in  the  cockpit,  both  the  hot  air  port 
md  the  cold  air  port  of  the  cabin  dual  tenperature  mixing  valve 
fill  be  open. 

10.  >efore  the  air  enters  the  expansion  turbine,  it  must  first  pass 
uhrough  the  primary  section  of  the  heat  exchanger,  the  compressor 
turbine,  and  the  secondary  section  of  the  heat  exchanger* 

11.  The  cabin  dual  temperature  mixing  valve  is  actuated  by  an  electric 
motor. 


ERIC 
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The  cold  air  flows  from  the  expansion  turbine  to  a  water  separator 
(number  8  in  the  illustration) .  The  water  separator  removes  any  excess 
moisture. 

You  may  be  wondering,  why  is  it  necessary  to  remove  the  excess 
moisture.    Cold  air  will  not  hold  as  much  moisture  as  hot  air.    As  a 
result,  when  air  is  cooled,  the  moisture  will  tend  to  condense. 

This  condensed  moisture  will  appear  as  a  mist  or  fog,  or  even  as 
snow  if  the  air  is  coded  close  to  the  freezing  point.    Fog  coming  from 
the  air  conditioning  outlets  in  an  aircraft  can  be  dangerous  as  it  may 
be  mistaken  for  smoke  and  it  also  would  make  it  difficult  for  the  pilot 
to  see. 


Fill  in  the  blanks  to  complete  the  following  statements. 

1.  Excess  moisture  is  removed  by  the   

2.  The  only  air  that  passes  thiough  the  water  separator  is  the 
air  from  the 


ERIC 


27 

1488 


Frame  24 


The  water  separator  is  shown  below.    It  contains  a  condensor  assembly 
and  a  bypass  valve.    This  is  shown  in  the  schematic  in  figure  B,  of  the 
illustration. 


CONDENSOR 
ASSEMBLY 


BYPASS 
VALVE 


COLD  AIR 
FROM  EXPANSION 
TURBINE 


DRAIN 
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The  condensor  assembly  will  cause  the  excess  moisture  to  condense 
into  water  droplets  within  the  water  separator.    The  water  is  then  drained 
over^ard  through  the  water  separator  drain. 

The  bypass  valve  will  allow  the  air  to  bypass  the  condensor  assembly 
In  c  se  the  condensor  become  obstructed  due  to  dirt  or  ice.    The  air  that 
will  pass  through  the  water  separator  is  cold,  and  can  be  below  the  freezing 
poin    of  water.    The  water  condenses  on  the  condensor  assembly,  and  if  the 
air    emperature  is  below  freezing,  ice  will  form  on  the  condensor.  Should 
this  tiappen,  the  pressure  on  the  inlet  side  will  go  up,  overcoming  the 
spri  g  tension  that's  holding  the  bypass  valve  closed.    This  will  ope  *he 
bypa  s  valve,  permitting  the  air  to  bypass  the  condensor.    This  will  insure 
a  f 1 >w  of  conditioned  air  when  the  condensor  becomes  obstructed. 

Fill  in  the  blanks  to  complete  the  following  statements. 

1.  The  water  separator  contains  a  assembly  and  a 

 valve. 

2.  The  water  separator  bypass  valve  is  held  closed  by   


3.      The  water  separator  bypass  valve  is  opened  by 

28 


Frame  25 


Under  normal  conditions,  the  bypass  valve  vould  stay  closed  as  the 
water  separator  system  incorporates  an  anti-icing  system  to  prevent  ice 
from  clogging  the  condensor  assembly. 

The  water  separator  anti-ice  system  is  shown  in  the  illustration 
below.    This  system  includes  an  anti-ice  valve  (number  9),  an  anti-ice 
controller  (number  10),  and  a  lag  chamber  (number  11). 


The  anti-ice  valve  opens  to  allow  some  warm  air  to  enter  the  water 
separator  whenever  ice  starts  to  form  on  the  water  separator  condensor. 
Notice  the  path  of  airflow  through  the  anti-ice  valve. 

Tlie  anti-ice  controller  senses  the  icing  condition  and  controls  the 
opening  and  closing  of  the  anti-ice  valve. 

The  lag  chamber  aids  in  smoother  operation  of  the  anti-ice  valve 
by  absorbing  rapid  f Ir.ctuations  in  pressure. 

Fill  in  the  blanks  to  complete  the  following  statements. 

1.      The  water  separator  anti-ice  system  consists  of  an  anti-ice 

,  and  anti-ice  ,  and  a  lag  chamber. 
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Frame  25  (Cont'd) 


2.  The  anti-ice  system  prevents  clogfing  of  the  water  separator 
by  allowing   to  enter  Ihe  water  separator. 

3.  The  partially  cooled  (warm)  air  used  for  water  separator  anti- 
icing  is  taken  from  the   s  section  of  the  heat 

exchanger . 


Mm 


Frame  26 


The  illustration  below  shows  the  water  separator  and  the  anti-ice 

system.    Note  that  this  system  is  operated  pneumatically.    Now  let's  trace 

the  airflow  through  the  system  to  see  how  the  anti-ice  valve  will  be 
opened  and  closed. 


lag 
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VENT 
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ANTI-ICE 
VALVE 
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The  anti-ice  valve  actuator  has  two  diaphragms,  an  opening  diaphragm 
(top)  and  a  closing  diaphragm  (bottom). 
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Ti»e  Downing  diaphragm  has  a  larger  diameter  than  the  closing 
diaphragm.    This  means  it  has  a  larger  area* 

Air  pressure  from  the  primary  section  of  the  Tieat  exchanger  goes  in 
the  actuator  below  the  closing  diaphragm  and  on  the  top  of  the  opening 
diaphiagm.    This  will  plp^e  an  equal  pressure  on  both  diaphragms.  But, 
the  opening  diaphragm  has  :*  larger  area,  so  ti.e  force  that  tries  to  open 
the  valve  will  be  great"  than  the  force  that  tries  to  clcse  the  valve. 
This  will  cause  the  v.ive  to  open. 

The  opening  and  closing  of  ths  anti-ice  valve  is  done  by  controlling 
the  pressure  on  the  opening  diaphragm.    This  if    Dne  by  the  anti-ice 
controller. 

Note  the  line  from  the  anti-'ce  valve  to  the  controller.    If  the 
control  valve,  in  the  controller  is  closed  as  shown,  the  pressure  will 
buildup  on  the  opening  diaphragm  of  the  anti-ice  valve.    This  opens  the 
valve . 

If  the  control  valve  is  open,  the  pressure  going  to  the  opening 
aphragm  will  flow  around  the  control  valve  and  out  the  vent  line  to 
the  cockpit.    Under  this  condition,  there  will  be  no  pressure  buildup 
<n  f'  -  opening  diaphragm  and  the  anti-ice  valve  will  stay  closed. 

Fill  i..  the  blanks  to  complete  the  following  statements. 

1.  The  water  separator  anti-ice  valve  is  operated   

(pneumatically/electrically) . 

2.  The  water  separator  anti-ice  valve  is  controlled  by  the   


If  the  control  valve  In  the  anti-ice  controller  is  open,  the  anti- 
ice  valve  will  be    (open/closed)  . 
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Nov  let1 8  see  how  the  controller  will  sense  ice  to  direct  the  opening 
and  closing  of  the  anti-ice  valve.    Note  the  points  marked  0  and  _!  on  the 
water  separator  illustration  shown.    These  are  sensing  lines. 


ANTI-ICE 
VALVE 


The  line  Tiarked  I  will  sense  inlet  pressure  and  the  line  marked  0 
will  sense  outlet  pressure.    If  there  is  no  restriction  (no  ice),  the 
pressure  in  tne'je  two  sensing  lines  will  be  the  same. 

Now  look  at  the  diaphragm  inside  the  controller.    The  diaphragm 
controls  fhe  position  of  the  control  valve  which,  in  turn,  controls 
the  pressure  on  the  opening  diaphragm  of  the  anti-ice  valve. 

With  the  same  pressure  in  the  two  sensing  lines,  the  pressure  that 
comes  in  the  controller  will  also  be  the  same  on  each  side  of  the  diaphragm. 
Now  note  that  the  inlet  pressure  also  goes  to  the  lag  chamber. 

The  lag  chamber  has  a  snail  bleed  port  (vent)  where  the  inlet  pressure 
can  vent  overboard.    This  will  result  in  a  lower  pressure  on  the  top  of  the 
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Frame  27  (Cont'd) 

controller  diaphragm.    The  outlet  pressure  will  force  the  diaphragm  up 
holding  the  control  valve  open.    This  vents  the  pressure  from  the  opening 
diaphragm,  keeping  the  anti-ice  valve  closed. 

Fill  in  the  blanks  to  complete  the  following  statements. 

1.      The  anti-ice  controller  senses  icing  of  the  water  separator  by 


sensing  a  difference  of 


in  the  water  separator. 


2. 


If  the  water  separator  inlet  and  outlet  pressures  are  equal,  the 

control  valve  in  the  anti-ice  controller  will  be    (open/ 

closed)  and  the  anti-ice  valve  will  be    (open/closed) . 
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When  ice  forms  on  the  condensor,  the  flow  of  air  through  the  water 
separrtor  will  be  restricted.    This  will  cause  the  inlet  pressure  to 
become  greater  than  the  outlet  pressure. 

The  higher  inlet  pressure  will  force  the  controller  diaphragm  down 
which  will  move  the  control  valve  down.    This  stops  the  venting  of  air 
from  the  anti-ice  valve  opening  diaphragm. 

The  pressure  buildup  on  the  opening  diaphragm  will  open  the  anti-ice 
valve.    The  valve  wil.   stay  open  until  the  ice  is  removed  and  the  pressure 
in  the  water  separator  equalizes. 

The  illustration  below  shows  the  anti-ice  controller  and  anti-ice 
valve  as  it  would  be  with  ice  on  the  water  separator  condensor. 


lag 
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Fill  in  the  blanks  to  complete  the  following  statements. 

1.  If  the  water  separator  inlet  pressure  is  greater  than  the  outlet 
pressure,  it  will  cauce  the  anti-ice  valve  to  _____  (open/close). 

2.  During  operation  of  the  air  conditioning  system,  when  full  cold  is 
demanded,  excessive  moisture  (fog  and  snow)  comes  from  the  air  outlets. 
This  indicates  a  defective  anti-ice    or  antd-ice  , 

3.  If  the  water  separator  anti-ice  system  fails  to  operate  and  allow  ice 

to  accumulate  on  the  condensor,  the   valve  will  open  to 

allow  airflow  to  the  cockpit. 
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If  the  air  conditioning  system  fails  to  work  while  the  aircraft  is 
in  flight,  the  pilot  Mist  have  a  means  of  receiving  ventilating  air. 

It  should  be  brought  to  mind  that  on  the  trainer  aircraft  air 
conditioning  system  a  ram  air  valve  was  used  for  this  purpose, 

A  ram  air  valve  (number  25  in  the  illustration  below)  is  also  used 
on  the  fighter  aircraft  for  this  purpose. 


1 


hote  in  the  illustration  that  air  is  capped  from  the  heat  exchanger 
**am  aijr  inlet  and  ducted  to  the  ram  air  valve  in  the  cockpit. 
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Frame  29  (Cont'd) 

When  the  ram  air  valve  is  open,  the  cabin  air  conditioning  system 
is  turned  off.    When  the  ram  air  valve  is  closed,  the  cabin  air  conditioning 
system  is  on. 

The  emergency  vent  knob  (number  26)  controls  the  ram  air  valve  and 
also  the  on  and  off  action  of  the  cabin  air  conditioning  system. 

Fill  in  the  blanks  to  complete  the  following  statements. 

1.  When  emergency  ventilation  of  the  cockpit  is  desired,  the   

  valve  can  be  opened. 

2.  The  ram  air  valve  is  controlled  by  the    , 
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Illustration  "A"  shows  the  ram  air  valve.    This  valve  is  actuated 
mechanically  by  a  cable  connected  to  the  emergency  vent  knob. 


When  the  emergency  vent  knob  is  pulled  out,  it  opens  the  ram  air  valve 
and  also  actuates  a  switch  which  shuts  off  the  cabin  air  conditioning  system. 

Illustration  "B"  shows  the  switch  as  it  is  installed  on  the  valve. 
When  the  emergency  vent  knob  is  pushed  in,  the  ram  air  valve  closes.  This 
also  completes  a  circuit  through  *:he  switch  to  operate  the  air  conditioning 
system. 
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Frame  30  (ContM) 
Fill  in  the  blanks  to  complete  the  following  statements. 
The  ram  air  valve  is  controlled  by  the   


The  switch  on  the  ram  air  valve  controls  the   

system.  ~  ™ 

When  the  emergency  vent  knob  is  pulled  out,  the  air  conditioning 
system  will  be    (on/off). 
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The  emergency  vent  knob  serves  as  the  master  control  for  the  air 
conditioning  and  ventilation  systems. 

Recall  from  frame  4  that  the  pressure  regulator  and  shutoff  valve 
is  controlled  by  a  solenoid. 

When  the  emergen:/  vent  knob  is  pushed  in,  the  switch  on  the  ram 
air  valve  directs  28-volts  DC  to  energize  this  solenoid. 

When  the  emergency  vent  knob  is  pulled  out,  the  switch  disconnects 
the  electrical  power  from  the  solenoid. 

Notice  this  control  circuit  in  the  illustration  below. 


Bleed  Air  Pressure  Regulator 
and  Shutoff  Valve 


O  40 


ERIC 


Frame  31  (ContM) 


Remember,  when  the  solenoid  Is  energized  the  pressure  regulator  and 
shutoff  valve  is  open,  and  when  the  solenoid  is  de-energized,  the  valve 
closes . 

Fill  in  the  blanks  to  complete  the  following  statements. 

1.  The  switch  on  the  ram  air  valve  controls  the  air  conditioning 

system  by  controlling  the  on  the  pressure  regulator 

and  shutoff  valve, 

2.  With  air  pressure  in  the  bleed  air  system  and  the  emergency  vent 
control  knob  pushed  in,  the  bleed  air  pressure  regulator  and 
shutoff  valve  will  be    (open/closed) . 


3.     The  solenoid  on  the  bleed  air  pressure  regulator  and  shutoff 
valve  is  controlled  by  a  switch  activated  by  the   
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Match  the  units  listed  In  Column  "B"  with  the  statements  given  In 
Column  "A"  by  placing  the  letter  from  Column  "B"  In  the  blanks  provided. 


1. 


3. 


4. 


5. 


Column  A 

Controls  the  rem  air  val\ t  and 
the  pressure  regulator  and  shut- 
off  valve. 

Allows  ram  air  to  enter  the  cock- 
pit for  emergency  ventilation. 

Senses  an  icing  condition  in  the 
wacer  separator. 

Opens  to  direct  warm  air  to  the 
water  separator  for  ice  removal. 

Removes  excess  moisture  from  the 
conditioned  air. 


Column  B 

A.  Water  separator 

B.  Anti-ice  valve 

C.  Anti-ice  controller 

D.  Emergency  vent  knob 

E.  Ram  air  valve 
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The  units  described  in  the  preceding  frames  were  either  used  to 
condition  the  bleed  air  or  to  control  the  bleed  airflow  for  some  specific 
purpose.    The  cabin  dual  temperature  mixing  valve  controls  the  mixing 
of  hot  and  cold  air.    But,  how  does  the  pilot  actually  control  this  valve? 

Under  normal  conditions  the  pilot  only  has  to  select  the  temperature 
he  desires  and  the  control  system  will  automatically  control  the  valve. 
However,  there  are  provisions  for  the  pilot  to  manually  control  the 
temperature  should  the  automatic  system  fail. 

Fill  In  the  blanks  to  complete  the  following  statements. 

1.  The  temperature  control  valves  control  temperature  by  mixing   

and  air. 

2.  The  two  methods  of  controlling  the  temperature  of  the  air  entering 
the  cockpit  are  ox   . 
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The  illustration  below  shows  a  schematic  diagram  of  the  temperature 
control  system.    This  system  consists  of  the  following  components.  The 
numbers  correspond  to  the  numbers  on  the  diagram. 

1.  Temperature  Control  Panel 

2.  Temperature  Selector  (rheostat) 

3.  Temperature  Control  Switch 

4.  Cabin  Temperature  Sensor 

5.  Cabin  Manual  Temperature  Limiter 

6.  Cabin  Dual  Temperature  Mixing  Valve 


NO  RESPONSE  REQUIRED 
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The  temperature  control  panel  is  the  main  controlling  unit  in  this 
system.    It  controls  the  temperature  of  the  air  entering  the  cockpit. 
The  temperature  control  panel  shown  contains  the  tempprature  control 
switch,  temperature  selector  knob,  and  a  magnetic  amplifier  type 
temperature  controller.     (The  magnetic  amplifier  circuit  is  the  same 
one  you  studied  in  the  lesson  on  magnetic  amplifiers.) 


The  temperature  control  switch  is  used  to  select  the  mode  of  operation. 
The  modes  of  operation  are  AUTO  and  MANUAL.    The  switch  has  four  positions; 
AUTO,  MANUAL  HOT,  MANUAL  COLD,  and  OFF.     The  temperature  selector  knob  is 
used  to  select  the  desired  temperature  during  automatic  operation. 


Fill  in  the  blanks  to  complete  the  following  statements. 

1.      The  temperature  controller,  temperature  selector  knob,  and 
temperature  control  switch  are  each  part  of  the   


The  temperature  control  panel  controls  the  temperature  for  the 


3.      When  the  temperature  control  switch  is  in  AUTO  mode,  the  desired 

temperature  can  be  selected  by  using  the   

knob.  ~~  " 
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The  temperature  selector  knob  is  used  to  select  the  temperature 
for  the  cockpit.    Remember  temperature  selectors  are  actually  variable 
resistors,  and  are  frequently  called  'temperature  control  rheostats." 
This  unit  is  illustrated  below. 


Fill  in  the  blanks  to  complete  the  following  statements. 

1.  The  temperature  s?\octor  consists  of  a   . 

2.  The  temperature  selector  is  used  to  select  the  temperature 
for  the  • 


ERIC 
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To  control  cockpit  temperature  automatically,  requires  a  means  of 
sensing  the  air  temperature.    This  is  the  purpose  of  the  cabin 
temperature  sensor . 

The  sensor  Is  located  In  the  cabin  air  inlet  valve  (refer  to  frame  30). 
It  senses  the  temperature  of  the  air  entering  the  cockpit. 

The  cabin  temperature  sensor  and  thtt  cabin  rheostat  each  form  a  part 
of  the  cabin  temperature  control  bridge  circuit. 

The  cabin  nensor  has  a  negative  coefficient  of  resistance.  An 
increase  in  air  temperature  causes  a  decrease  in  sensor  resistance. 

This,  in  turn,  sets  up  a  signal  on  the  bridge  circuit  that  will 
cause  the  temperature  control  panel  to  position  the  cab  Ik  dual  temperature 
mixing  valve  for  more  cold  air. 

An  Increase  in  sensor  resistance  will  call  for  hot  air.    The  cabin 
pensor  is  shown  in  the  illustration  below. 


Fill  in  the  blanks  to  complete  the  f> llowing  statements. 

1.  A  decrease  in  air  temperature  at  the    abin  air  inlet  valve  will 
cause  the  cabin  temperature  sensor  resistance  to   . 

2.  When  the  temperature  of  the  air  entering  the  cockpit  changes,  the 


Cabin  Temperature  Sensor 


cabin 


sends  a  signal  to  the 


temperature  control  panel. 


The  cabin  sensor  has  a 


coefficient  of  resistance. 
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While  in  normal  operation  the  cockpit  temperature  is  controlled 
automatically.    However,  if  the  automatic  system  fails,  the  pilot  can 
control  the  system  manually. 

In  manual  operation,  if  more  cold  air  is  needed,  the  pilot  holds  the 
temperature  control  switch  to  manual  cold.    This  will  cause  the  cabin 
dual  temperature  mixing  valve  to  move  toward  open,  as  indicated  by  the 
valve  position  indicator. 

If  more  hot  air  is  needed,  the  pilot  holds  the  temperature  control 
switch  in  manual  hot  which  will  cause  the  cabin  dual  temperature  mixing 
valve  to  move  toward  closed,  as  indicated  by  the  valve  position  indicator. 

When  manual  hot  is  used  it  is  possible  to  cause  an  excessive  amount 
of  hot  air  to  flow  through  the  system.    This  in  turn  could  cause  damage 
within  the  system  due  to  overheating. 

A  safety  device  is  used  to  prevent  this.    This  unit  is  the  cabin 
manual  temperature  limiter .     It  is  a  normally  closed  thermoswitch. 
This  part  is  shown  below. 


Cabin  Manual  Temperature  Limiter. 

The  switch  contacts  are  closed  under  all  normal  conditions.  But, 
should  the  temperature  of  the  air  flowing  through  the  air  conditioning 
ducting  exceed  a  preset  temperature  (220°F)  +  10°,  then  the  switch 
contacts  will  open.    This  opens  the  electrical  circuit  going  to  the  hot 
side  of  the  cabin  dual  temperature  mixing  valve.    This  will  stop  the 
valve  from  going  any  further  toward  hot.    The  valve  will  only  run  toward 
the  cold  position. 

Fill  in  the  blanks  to  complete  the  following  statements. 

1.  During  manual  operation,  if  more  cold  air  is  desired,  the  pilot 

must  hold  the  switch  to 

MANUAL  COLD. 

2.  The  unit  that  prevents  the  system  from  becoming  too  hot  during 
manual  operation  is  the  cabin   
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Match  the  units  listed  in  Column  "B"  with  the  statements  given 
in  Column  "A."    Place  the  letter  that  corresponds  to  the  unit  in  the 
blanks  provided  in  Column  "A/' 


Column  A 


Column  B 


1. 


2. 


3. 


4. 


5. 


Used  to  select  either  AUTO  or 
MANUAL  modes  for  controlling 
temperature. 

Used  to  select  the  desired 
temperature  during  AUTO  mode. 

Contains  a  magnetic  amplifier 
type  temperature  controller. 

Senses  cockpit  temperature 
during  automatic  operation. 

Prevents  the  cabin  air  condi- 
tioning system  from  becoming 
too  hot  during  manual  operation. 


A.  Temperature  Control  Panel 

B.  Temperature  Selector 
Knob 

C.  Temperature  Control 
Switch 

D.  Cabin  Temperature  Sensor 

E.  Cabin  Manual  Temperature 
Limiter 

F#      Cabin  Dual  Temperature 
Mixing  Valve 


6. 


Controls  the  mixing  of  hot  and 
cold  air  for  cockpit  temperature 
control. 
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The  preceding  frames  on  temperature  control  have  described  the 
temperature  control  components  and  given  their  purpose.    The  electrical 
circuits  for  control  of  this  system  will  be  given  in  the  next  text. 

As  you  work  with  the  temperature  control  system  you  should  be  aware 
of  the  difference  between  the  manual  temperature  control  system  and  the 
automatic  temperature  control  system. 

tJhat  is  this  difference?    The  automatic  temperature  control  system 
consists  of  the  following  components:    Temperature  control  panel  (tempera- 
ture controller  and  rheostat),  and  the  temperature  sensor.  These 
components  control  the  cabin  dual  temperature  mixing  valve  only  during 
automatic  operation. 

When  using  manual  mode,  the  temperature  mixing  valve  is  controlled 
directly  by  the  temperature  control  switch.    The  cabin  dual  temperature 
mixing  valve  Is  the  only  common  component  tc  both  the  AUTO  and  MANUAL 
systems. 

In  other  words,  the  automatic  and  manual  systems  work  independently 
and  problems  in  one  system  do  not  necessarily  affect  the  other.    This  will 
be  an  important  point  to  remember  when  you  start  performing  system 
troubleshooting  in  your  next  lessons. 

NO  RESPONSE  REQUIRED 
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Before  continues  with  this  lesson,  inform  your  instructor  that 
you  are  going  to  the  lab  to  look  at  the  trainer.    Now,  report  to  the 
lab.    Inform  the  lab  instructor  that  you  would  like  to  look  at  trainer 
3305,  F-4C  Environmental  Systems.    Using  this  trainer,  perform  the  steps 
listed  below. 

1*      locate  the  following  items. 

a.  Bleed  Air  Pressure  Regulator  and  Shutoff  Valve. 

b.  Ground  Cooling  Ejector  Shutoff  Valve. 

c.  Turbine  Overspeed  Pressure  Switch. 

d.  Cabin  Dual  Temperature  Mixing  Valve. 

e.  Foot  Heat  and  Defog  Valve. 

f.  Emergency  Vent  Knob. 

g.  Ram  Air  Vaive  (Emergency  Vent  Air  Inlet  Valve)  . 

h.  Temperature  Controller. 

(1)    Temperature  Control  Switch. 
(2)    Temperature  Selector  Knob. 


i.      Cabin  Temperature  Sensor. 


j.      Cabin  Manual  Tetperature  Limiter. 


k.      Foot  Heat  and  Defog  Lever. 


Note:  Were  you  able  to  locate  each  item?  If  not,  ask  the  lab 
instructor  for  assistance. 

2.      Trace  the  airflow  for  cabin  air  conditioning. 


a.  Start  in  the  lower  left  corner  and  trace  from  the  air  source 
to  the  bleed  air  pressure  regulator  and  shutoff  valve.  From 
the  shutoff  valve,  trace  the  airflow  to  the  ground  cooling 
ejector  shutoff  valve  and  to  the  main  heat  exchanger. 

b.  From  the  heat  exchanger  follow  the  orange  line  going  to  ttie 
pressure  switch,  through  the  flow  limiting  venturi,  through 
the  cabin  dual  temperature  mixing  valve  and  to  the  cooling 
turbine  assembly.    This  air  is  entering  the  compressor  turbine. 


c.      From  the  compressor  turbine  follow  the  red  line  to  the  heat 
exchanger  and  the  orange  back  to  the  expansion  turbine. 

This  path  provides  cold  air. 
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d.  Go  back  to  the  pressure  regulator  and  shutoff  valve.  Trace 
the  dark  red  line  going  to  the  cabin  dual  temperature  mixing 
valve  hot  air  port.    Trace  airflow  from  the  mixing  valve  to 
the  point  where  the  air  from  the  hot  air  port  and  the  air 
from  the  expansion  turbine  join  (mix).    The  air  flowing  from 
this  point,  through  the  blue  line,  goes  to  the  cabin.  This 
is  temperature  controlled,  conditioned  air. 

e.  Trace  the  blue  line  to  the  cabin  air  inlet  valve.    From  here 
the  air  can  flow  to  the  aft  cockpit  diffuser  and  to  the  forward 
cockpit  foot  heat  outlets.    If  the  foot  heat  and  defog  lever 

is  positioned  to  the  DEFOG  position  (right)  the  air  will  flow 
through  the  windshield  and  canopy  defog  ducts  only. 

4.      Before  answering  the  questions  below,  report  back  to  your  classroom. 

Place  a  T  (True)  in  the  blanks  to  indicate  which  statements  are  True, 
and  an  F  (False)  to  indicate  a  false  statement. 

  a.    The  ram  air  valve  is  actuated  by  the  emergency  vent  knob. 


b.  The  switch  located  on  the  ram  air  valve  controls  the  bleed  air 
pressure  regulator  and  shutoff  valve  solenoid. 

c.  The  pressure  regulator  and  shutoff  valve  is  actuated  by  a 
pneumatic  actuator. 
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Using  the  illustration  on  foldovt  number  1,  (attached  to  the  back  of 
this  text),  match  the  names  of  the  components  listed  below  with  the 
components  shown  on  the  illustration.    Place  the  letter  that  identifies 
the  component  in  the  blank  space  provided  opposite  the  name. 


1.    Ground  Cooling  Ejector  Nozzle 

2.  Turbine  Overspeed  Pressure  Switch 

3.    Cabin  Dual  Temperature  Mixing  Valve 

4.    Pressure  Regulator  and  Shutoff  Valve 

5.    Ground  Cooling  Ejector  Valve 

6.    Rupture  Disc  (location) 

7.   Water  Separator 

8.   Anti-ice  Controller 

9.   Anti-ice  Valve 

10.    Compressor  Turbine 

11.    Expansion  Turbine 

12.   Ram  Air  Valve 

13.    Lag  Chambei 

14.    Flow  Limiting  Venturi 

15.    Heat  Exchanger  (primary  section) 

16.    Heat  Exchanger  (secondary  section) 

17.    Cabin  Manual  Temperature  Limiter 

18.    Cabin  Temperature  Sensor 
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Using  foldout  number  1,  match  the  component  with  it's  operation  as 
given  below.    Place  the  letter  that  identifies  the  component  in  the  blank 
space  opposite  Lhe  statements. 

1.    Through  the  use  of  solenoids,  and  air  pressure,  it  regulates 

air  flow  going  to  the  air  conditioning  system  at  62  psi. 

2.    It  has  one  motor  that  positions  two  butterflies  in  response  to 

temperature  changes  thereby  controlling  the  mixing  of  hot  and 
cold  air  for  cockpit  use. 

3.    A  butterfly  valve  that  is  moved  by  mechanical  linkage  to  the 

open  position  when  emergency  ventilating  air  is  needed. 

4.    Made  up  of  several  small  outlets  that  will  cause  engine  bleed 

air  to  create  a  low  pressure  area  in  the  heat  exchanger  ram 
air  exhaust  and  increase  the  ram  air  flow  across  the  heat 
exchanger. 

5.    Uses  the  principle  of  decreasing  air  pressure  and  increasing 

air  velocity  across  it's  throat  to  stop  air  surges  going  into 
the  turbine  and  prevent  a  complete  loss  of  air  flow  if  the 
rupture  disc  cracked  open. 

6.    A  butterfly  valve  controlled  by  diaphragms  and  operated  Hy  air 

pressure  to  the  open  position  to  prevent  freezing  of  tl  water 
separator, 

7.    A  rotor  operated  butterfly  valve  that  will  be  opened  when  the 

landing  gear  are  down  to  allow  bleed  air  to  flow  through  the 
ground  ejector  nozzles. 


STOP 

Note:  After  completing  this  frame,  stop  and  see  your  instructor. 
Instructor '8  Initials   
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The  cold  air  from  the  water  separator  will  mix  with  hot  ail  from  the 
dual  temperature  mixing  valve  and  then  flow  into  the  cockpit.    The  air  that 
flows  to  the  cockpit  flows  through  a  Cabin  Ait  Inlet  Valve  (number  19  in 
'he  illustration  shown)  and  a  Foot  Heat  and  Defog  Valve  (number  20) . 


FROM  COLD  f  O  IT 
EXPANSION  TURBINE 
AND  WATER  SEPARATOR 


r<OM  HOT  PORT  DUAl 
1EMf  MIXING  VALVE 


These  two  valves  are  controlled  by  the  Foot  Heat  and  Defog  Lever 
(number  24  in  the  illustration). 

The  cabin  air  inlet  valve  controls  the  amount  of  air  going  to  the 
aft  cockpit  diffuser  (number  21). 

The  foot  heat  and  defog  valve  controls  the  air  going  either  to  the 
foot  heat  outlets  (number  22)  in  the  forward  cockpit  or  to  the  windshield 
defogging  tubes  (number  23). 

Find  these  parts  in  the  illustration  shown  and  note  the  path  of 
airflow. 

When  windshield  defogging  is  req  ired,  the  cabin  air  inlet  valve 

restricts  the  airflow  going  to  the  aft  cockpit.  The  foot  haat  and  defog 

valve  directs  the  air  to  the  windshield  and,  at  the  same  time,  reduces 
the  airflow  to  the  toot  h*at  outlets. 


1. 


2. 


Fill  in  the  blanks  to  complete  the  following  statements. 

The  unit  that  controls  the  amount  of  air  going  to  the  aft  cockpit 
diffuser  is  the  valve. 

The  unit  that  directs  the  air  to  either  the  foot  heat  outlets  or  the 

defogging  tubes  is  the  and   

valve . 
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The  cabin  air  inlet  valve  and  the  foot  heat  and  defog  valve  are 
connected  to  one  manual  control  lever  by  mechanical  linkage.  This 
lever  is  called  the  Foot  Heat  and  Defog  Lever. 

The  foot  heat  and  defog  lever  has  two  positions;  they  are  the  FOOT 
HEAT  position  and  the  DEFOG  position. 

The  illustration  below  shows  the  valves,  lever,  and  mechanical 
linkage . 


FOOT  HtAT  AND  «FOG  VAIVI 


TO 

>  ACFT  COCK«T 
DIFFUSE* 


CAftIN  All  INUT 
VALVt  ASSEMBLY 


FROM  AIR  CONDITIOMMO  SYSTEM 


Fill  in  the  blanks  to  complete  the  following  statements. 


1.  The  positions  of  the  foot  heat  and  defog  control  lever  are 
 and   . 

2.  The  foot  heat  and  defog  valve  and  the  cabin  air  inlet  va1ve  are 
connected  to  the  same  control   by   linkage. 

3.  The  foot  heat  and  defog  control  lever  controls  the  foot  heat  and 
defog  valve  and  the  valve. 
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Correct  Responses  to  the  Frames 

Frame  1 

1*    windshield,  canopy 
electronic 


2. 
3. 
4. 


crew 
engines 


Frame  2  -  No  Response 
Frame  3 

1.  shutoff  valve 

2.  pressure  regulator 

Frame  4 
1*  solenoid 
2*    air  pressure 
3*    air  pressure 9  electrical 
4*    pressure  regulator 
shutoff  valve 


Frame  5 

1.  primary, 

2.  primary 

Frame  6 

1*  cockpit, 

2*  ram 

3.  secondary 


secondary 


rain 


Frame  7 

1.  ejector  shutoff  valve 

2.  shutoff  valve,  nozzle 

Frame  8 

1.  ejector  shutoff  valve 

2.  auxiliary  relay 
3*  down 

Frame  S 

1.  bleed 

2.  low  pressure 


Frame  10 

1.  C 

6. 

2.  A 

7. 

3.  D 

8. 

4.  C 

9. 

5.  A 

'1. 

Frame  13 

1.  rupture  aisc 

2,  ram  air  outlet 


B 
A 

open 

pneumatic  actaator 
pressure ,  shutoff 

Frame  11 

1.  pressure  switch,  rupture 
^.isk 

2,  overspeed  pressure  switch 
Frame  12 

1#    turbine  overspeed  pressure 
switch 

2.  pilot 

3.  bleed  air  pressure  regulatcr 
and  shutoff  valve 


Frame  14 

1.  limiting  venturi 

2,  flow  limiting  venturi 

Frame  15 

1.  dual  temperature  mixing  valve 

2.  closed,  open 

Frame  16 

1.  hot,  cold 

2.  motor 

3.  mechanical  linkage 
Frame  17 

1.  compressor >  expansion 

2.  primary 

3.  secondary 

Frame  18 

1.  expansion  turbine 

2,  expansion,    heat,  mechanical 

Frame  19 

1.  a,  overspeeding 

b.  workload 

c.  compress 

Frame  20 

1.  primary 

2.  compressor  turbine 

3.  secondary,    expansion  turbine 

4.  expansion,  efficiently 

Frame  21  -  No  Response 


11. 


Frame  22 

1.  C 

6. 

T 

2.  E 

7. 

F 

3-  D 

8. 

T 

4.  B 

9. 

F 

5.  A 

10. 

T 

Frame  23 

1.  water  separator 

2.  cold,    expansion  turbine 

Frame  2* 

1.  condensor,  bypass 

2.  spring  tension 

3.  air  pressure 

Fr  -ne  25 

1 •  con t  ro 11 er ,  valve 

2.  warm 

3.  primary 
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Frame  26 

1.  pneumatically 

2.  anti-ice  controller 

3.  closed 


Frame  38 

1.  temperature  control 

2.  manual  temperature  limiter 

Frame  39 


Frame  27 

1. 

C 

4. 

D 

1.  pressure 

2. 

B 

5. 

E 

2.      open,  closed 

3. 

A 

6. 

F 

Frame  28 
1 •  open 

2.  valve,  controller 

3.  bypass 

Frame  29 

1  •      ram  air 

2.      Emergency  vent  knob 

Frame  30 

1.  Emergency  vent  knob 

2.  air  conditioning 

3.  off 

Frame  31 

1.  solenoid 

2 .  open 

3.  emergency  vent  knob 
Frame  32 


1. 
2- 
3. 
4. 
5. 


D 
E 
C 
B 
A 


Frame  33 

1.  hot,  cold 

2.  automatically,  manually 
Frame  34  -  No  Response 

Frame  35 

1.  temperature  control  panel 

2.  cockpit 

3.  temperature  selector 

Frame  36 

1.  rheostat 

2.  cockpit 


Frame  40  -  No  Response 

Frame  41 

1.  T 

2.  T 

3.  T 
Frame  42 

Frame  41 

1.  T 

2.  T 

3.  T 


Frame  42 

1.  C 

10. 

J 

2.  E 

11. 

K 

3.  H 

12. 

T 

4.  A 

13. 

0 

5.  B 

14. 

F 

6.  G 

15. 

D 

7.  L 

16. 

I 

8.  N 

17. 

P 

9.  M 

18. 

Q 

Frame  42 

(ront'd) 
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FIGHTER  CABIN  AIR  CONDITIONING  SYSTEM  TROUBLESHOOTING 

OBJECTIVE 

Using  a  multimeter  and  wiring  diagram,  troubleshoot  the  cabin  air 
conditioning  system  trainer,  locating  3  out  of  U  troubles  correctly. 

EQUIPMENT 

Trainer  3305,  Fiehter  Air  Conditioning 
Multimeter  >N/PSM-6 

PROCEDURE 

1.  remove  all  of  your  jewelry.  Report  to  f.he  lab  instructor  and 
inform  him  of  the  lesson  on  which  you  are  working.  The  instructor  will 
assign  you  to  a  trainer  and  prc/ide  the  necessary  materials. 

2.  This  workbcsk  is  presented  in  two  sections.    Section  is 
to  familiarize  you  with  the  components  of  the  cabin  air  conditioning 
system  and  to  prepare  you  for  performing  the  operational  ch*ck  and 
troubleshooting.    Section  2  contains  the  steps  for  operationally 
checking  tie  system  and  the  malfunctions  that  you  are  to  troubles  loot. 
Perform  each  step  as  directed  on  the  following  pages. 


Supersedes  3ABR4  .  SJ-WB-201A,  24  November  1980. 
OPR:    3370  TCHTG 
DISTRIBUTION:  X 

3370  TCHTG/TTGU-P  -  300;  DAV  -  1 
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SECTION  1.     CABIN  AIR  CONDITIONING  SYSTEM  COMPONENTS 

1.      Location  and  identification  of  system  components. 

a.      Using  the  trainer  and  the  illustration  in  figure  1, 
locate  each  of  the  numbered  items.    Write  the  name  of  each  of  these 
numbered  items  in  the  blank  space.    As  you  locate  each  component, 
notice  the  check  point  near  the  component  that  is  used  for  hecking 
the  electrical  circuitry. 

(1)  

(2)  

(3)  

(4) 

(5)  

(6)  

(7)  

(8)  

(9)  

(10)   


COMPARE  YOUR  ANSWERS  TO  THOSE  ON  PAGE  5. 


• 
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Figure  1.    Fighter  Air  Conditioning  Trainer. 
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Answers  to  location  and  identification  step  la. 

(1)  Bleed  air  pressure  regulator  and  shutoff  valve. 

(.2)  Cabin  dual  temperature  mixing  valve. 

(3)  Ground  cooling  ejector  shutoff  valve. 

(4)  Cabin  temperature  sensor. 

(5)  Cabin  manual  temperature  limxter. 

(6)  Turbine  overspeed  pressure  switch. 

(7)  Emer  air  inlet  valve. 

(8)  Water  separater. 

(9)  Anti-ice  valve. 

(10)  Anti-ice  controller. 

b.      Using  the  trainer  and  figure  2,  locate  each  of  the 
numbered  items.    Write  the  names  of  each  item  in  the  blank  space.  As 
you  locate  the  items  notice  the  check  points  for  checking  the  electrical 
circuit. 

(1)  

(2)  

(3)   

(4)  

(5)  

(6)   

(7)  

(8)   

(9)  

(10)  

(11)   

(12)   


COMPARE  YOUR  ANSWERS  TO  TH)SE  ON  PAGE  7. 
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Answers  to  location  and  identif icatioii  step  lb. 


(1 
(2 
(3 
(4 
(5 
(6 
(7 
(8 
(9 
(10 
(U 
(12 
2. 


Cockpit  heat  and  vent  circuit  breaker;  115  VAC. 

Cockpit  heat  and  vent  circuit  breaker;  28  VDC. 

Warning  light  circuit  breaker. 

Landing  gear  circuit  breaker. 

Emergency  vent  knob. 

Temperature  control  panel. 

Landing  gear  handle. 

Test  point  for  the  landing  gear  control  switch. 
Footheat  and  defog  lever. 
Defog  switch. 

Cabin  turbine  uverspeed  warning  light. 
Landing  gear  auxiliary  relav. 
Trainer  prepare  '.on. 


a.  Place  all  trouble  switches  to  the  OuT  position, 
switches  are  located  at  the  left  end  of  the  trainer. 

b.  Push  in  the  following  circuit  breakers: 
'1)    Cockpit  heat  and  vent;  115  VAC. 
v2)    Cockpit  heat  and  vent;  28  VDC. 

(3)  Warning  lights. 

(4)  Landing  gear. 


These 


below. 


ERIC 


Place  the  switches  to  the  NORMAL  positione  a"  lasted 

(1)  Emergency  vent  knob  Pushed  in. 

(2)  Landing  gear  lever  Down. 

(3)  Defog  lever    Footheat. 

(4)  Temperature  control  switch    Autc. 

(5)  Temperature  selector    Cold. 
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d.      Place  the  power  switches  to  the  ON  position.  These 
switches  are  located  on  the  left  side  of  the  trainer. 

3.      Trainer  Operation. 

a.      During  the  following  steps  you  will  operate  each  com- 
ponent of  the  cabin  air  conditioning  system.    When  a  switch  or  lever 
is  actuated  be  sure  to  notice  which  of  the  valves  operate  and  the 
valve  position.    Actuate  each  switch  as  directed.    From  your  observa- 
tion of  the  trainer  operation,  complete  each  of  the  statements  by 
circling  the  correct  word. 

STEP  1.      Bleed  air  pressure  regulator  and  shutoff  valve,  and  emer 
vent  air  inlet  valve  operation. 

(.1)    Pull  out  the  emergency  vent  knob. 

(a)  The  bleed  air  pressure  regulator  and  shutoff 
valve  (opens/closes) . 

(b)  T._    emer  air  inlet  valve  (opens/closes). 

(2)  Push  in  uhe  emergency  vent  knob. 

(a)  The  bleed  air  pressure  regulator  and  shutoff 
valve  (opens/closes) . 

(b)  The  emer  air  inlet  valve  (opens/closes). 

(3)  If  thp  bleed  air  pressure  regulator  and  shutoff 
valve  fails  to  operate,  it  indicates  a  defective  valve  or  an  open 
electrical  circuit. 

STEP  2.      Ground  cooling  ejector  shutoff  valve  operation. 

(1)  Place  th*  landing  gear-  handle  in  the  GEAR  UP 
position.    The  ground  cooling  ejector  shutoff  valve  (opens/closes). 

(2)  Move  the  landing  gear  handle  to  the  GEAR  DOWN 
position.    The  ground  cooling  ejector  shutoff  valve  (opens/closes). 

STEP  3.      Cabin  temperature  control  system;  manual  operation. 

(1)  Place  the  temperature  control  switch  to  MANUAL 
HOT.    The  cabin  dual  temperature  mixing  valve  (opens/closes). 

Note:    This  can  be  determined  by  observing  the  valve  position 
indicator  located  on  tne  valve  body. 

(2)  Place  the  temperature  control  switch  to  MANUAL 
COLD.    The  cabin  dual  temp  mixing  valve  (o^ens/closes) . 

(3)  If  the  temperature  control  valve  fai1«  to  operate 
it  indicates  that  the  valve  is  defective  or  there  is  an  ^pen  in 

the  28  VDC  electrical  circuit. 


• 
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STEP  4.      Cabin  temperature  control  system;  automatic  operation. 

(1)  Place  the  temperature  control  switch  to  AUTO, 

then  rotate  the  temperature  selector  to  HOT.    The  cabin  dual  temperature 
mixing  valve  moves  toward  (open/close) . 

(2)  Rotate  the  temperature  selector  to  COLD.  The 
cabin  dual  temperature  mixing  valve  moves  toward  (open/close). 

(3)  If  the  automatic  temperature  control  system 
fails  to  operate,  it  indicaates  an  open  in    he  115-volt  AC  power 
circuit  to  the  controller. 

(4)  If  the  temperature  sensor  or  wiring  to  the 

sensor  is  SHORTED,  the  temperature  mixing  valve  will  go  full  (open/close), 

(5)  If  the  temperature  sensor  or  wiring  to  the 

sensor  is  OPEN,  the  temperature  mixing  valve  will  go  full  (open/close). 

STEP  5.      Return  all  switches  to  the  NORMAL  position  as  indicated 
in  paragraph  2d  and  place  trainer  power  switches  to  OFF. 

COMPARE  TIE  ANSWERS  THAT  YOU  HAVE  SELECTED  TO  THOSE  GIVEN  BELOW. 


STEP 

1. 

(1) 

(a)  closes 

(1) 

(b)  opens 

•2) 

(a)  opens 

(2) 

(b)  closes 

STEP 

2. 

(1) 

closes 

(2) 

opens 

siep 

3. 

(1) 

closes 

(2) 

opens 

STEP 

4. 

(I) 

close  (2) 

open 

(4)  open 

(5)  close 

If  your  answers  do  not  agree,  check  with  the  instructor.     If  y  w 
answers  agree,  tnen  the  trainer  is  operating  correctly. 

4.      Sensor  Resistance. 

a.  Prior  to  maintaining  a  temperature  control  system 
you  should  determine  the  normal  resistance  values  of  the  sensors. 
This  can  be  done  by  referring  to  the  technical  order  or  by  measuring 
a  known  good  sensor. 

b.  Measure  S:he  resistance  of  the  cabin  temperature  sensor. 
To  meausre  resistance,  the  circuit  must  be  isolated.    To  isolate 

the  sensor  on  the  trainer,  disconnect  the  AN  connector  attached 
tc  the  temperature  control  panel.    With  this  disconnected  you  can 
measure  the  sensor  resistance  from  the  cabin  temperature  sensor 
check  point.    The  resistance  of  the  c*bin  sensor  is 


c.      Ask  the  instructor  for  th»\  ambient  temperature  of 
the  lab  area 
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d.      The  graph  illustrated  in  figure  3  shows  the  normal 
sensor  resistance.    This  is  the  same  type  of  graph  you  will  use 
on  the  flight  line.    Determine  the  resistance  range  for  the  cabin 
sensor.    Is  the  measured  resistance  of  the  sensor  within  the  range 
given  on  the  graph?    (yes /no) .    If  your  answer  was  no,  ask  the 
instructor  for  assistance. 


AMftCNT  IfMMtAIUtf  -  OCGttU  ' 


NOTES 


1.    FOft  ANY  GIVEN  TEMFUATUtE,  RESISTANCE  MUST  FALL  WITHIN 
SHADED  AREA. 

?.    GRAPH  A,  USE  FOR  CHECKING  SENSORS  AND  UMITCRS  WHEN 
INSTALLED  IN  AKCRAFT. 

3.    GRAPH  4,  USt  ONLY  WHEN  A  SENSOR  OR  LIM1TER  IS  REMOVED 
FROM  THE  AIRCRAFT  AND  IS  PLACEtf  IN  A  CONTROLLED  TEMPER- 
ATURE ENVIRONMENT  <t.fl.  SUtMERGE  UNIT  IN  WATER  THAT  IS 
TFMPERATURE  CONTROLLED). 


m  4- 


Figure  3.    Temperature  Sensor 
Resistance  Graph. 
t 

Instructions  for  using  the  temperature  sensor  resistance  graph. 

On  graph  A,  locate  the  vertical  line  for  ambient  temperature. 
Follow  this  line  up  to  the  shaded  area,  then  follow  the  horizontal 
lines  to  the  left  to  determine  the  range  of  the  r^sis  ance  in  K 
ohms.    MKM  =  1,000  ohms. 

Example:    ~f  the  temperature  is  65°F,  then  the  resistance 
range  should  be  between  2200  ohms  and  4500  ohms. 
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SECTION  2.    C^iN  AIR  CONDITIONING  SYS1EM 
OPERATIONAL  CHECK  AND  TROUBLESHOOTING 

OPERATIONAL  CHECK 

1.  The  steps  that  you  performed  in  paragraph  3a  of  Section 
1  involved  operating  each  component  in  the  cabin  air  conditioning 
system.  They  determined  if  each  component  was  operating  properly 
and  are  called  operational  checks. 

2.  The  chart  below  formalizes  the  procedure  for  performing 
operational  checks  in  an  outline  form.    To  insure  that  you  are  familiar 
with  this  procedure,  turn  the  trainer  power  switches  ON  and  perform 
each  of  the  steps.    After  you  are  sure  you  understand  the  operational 
check  procedure,  then  continue  to  the  troubleshooting  part  of  this 
lesson. 


Positioning  the  Control  Devices 

Operating  Valve 

Valve  Position 

Pull  out  the  emergency  vent 
cnob 

Bleed  air  pressure  regulator 
and  shutof f  valve 

Emer  Air  inlet  valve 

CLOSED 
OPEN 

Push  in  the  emergency  vent 
cnob 

Bleed  air  pressure  regulator 
and  shut off  valve 

i£mer  Air  inlet  valve 

OPEN 
CLOSED 

fove  the  landing  gear  handle 
to  the  GEAR  UP  position 

Ground  ejector  valve 

CLOSED 

Move  the  landing  gear  handle 
to  the  GEA7!  DOWN  position 

Ground  ejector  valve 

OPEN 

Place  the  temperature 
control  switch  to  MANUAL  HOT 

Cabin  dual  temperature 
mixing  valve 

CLOSED 

Place  the  temperature 
control  switch  to  MANUAL 
COLD 

Cabin  dual  temperature 
mixing  valve 

OPEN 

Place  the  temperature 
contic"  switch  to  AUTO. 
Rotate      »  temperature 
selector  to  HOT. 

Cabin  dual  temperature 
mixing  valve 

Travels  toward 
CLOSED 

Rotate  the  temperature 
selector  to  COLD 

Cabin  dual  temperature 
ndxing  valve 

Travels  toward 
OPEN 

Operational  Check  Procedure  Chart 
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TROUBLESHOOTING 


1.  For  each  trouble,  perform  an  operational  check  to  determine  the 
malfunctioning  component;  place  a  statement  in  the  "discrepancy"  block 

of  the  troubleshooting  response  sheet. 

2.  Using  a  wax  pencil,  trace  the  electrical  circuit  that  operates 
or  controls  the  malfunctioning  component. 

3.  Use  a  multimeter  to  locate  the  cause  of  the  trouble. 

Note:    When  measuring  voltage,  be  sure  the  deter  is  set  to  the 
correct  voltage  range.    Make  sure  that  you  have  the  negative  (black) 
lead  to  ground.    Ground  on  the  trainer  is  any  connection  with  a 
ground  (— 1||  )  symbol.    When  checking  the  manual  temperature  control 
system,  be  sure  to  hold  the  temperature  control  switch  to  either 
hot  or  cold.    When  measuring  resistance,  be  sure  the  trainer  power 
switch  is  off,  and  the  meter  is  set  ac  OHMS.    Use  the  OHM  portion 
of  the  multimeter  only  to  check  sensors  and  their  circuits. 

4.  Record  the  cause  of  the  trouble  in  the  "cause11  block  of  the 
'  rubles hooting  response  sheet. 

5.  The  trouble  switch  that  you  are  to  use  for  each  problem  is 
listed  on  the  side  of  the  discrepancy  block.    There  are  12  problems 
for  you  to  troubleshoot .    We  will  go  through  trouble  number  1  to  show 
you  how  to  arrive  at  the  correct  answer. 

Trouble  Switch  #1 

1.  Place  trouble  switch  #1  to  the  IN  position. 

2.  Perform  an  operational  check.    Use  the  operational  check 
chart,  on  page  11,  if  needed. 

3.  As  you  went  through  the  operational  check  you  found  the  cabin 
mixing  valve  would  not  operate  in  automatic.    Make  the  following  state- 
ment in  the  discrepancy  block  of  the  troubleshooting  response  sheet 
for  trouble  #1. 


4.  Since  the  cabin  mixing  valve  will  not  operate  in  automatic 
hot  or  cold,  what  part  of  the  circuit  would  affect  automatic  operation 
of  the  system? 

5.  If  the  problem  were  in  the  DC  power  aujply,  then  the  valve 
aid  not  cperece  in  manual.    This  leaves  the  AC  power  supply. 

6.  Trace  the  AC  power  supply  from  the  115V  AC  cockpit  heat  and 
vent  circuit  breaker  to  the  temperature  control  panel. 

Note:    28  volt  DC  supply  is  required  to  operate  the  val\e.    In  auto 
and  manual  the  115V  AC  supply  is  required  for  operation  of  the  cabin 
magnetic  amplifiers.    In  automatic  hot  end  cold  only. 


if 


Cabin  mixing  valve  will  not  operate  in  automatic. 


it 


7.  Check  the  AC  power  supply  with  the  multimeter.    Make  sure 
your  meter  is  set  at  the  correct  voltage.    Check  for  voltage  at  pin  "E" 
of  the  temperature  control  panel.    You  did  not  get  a  voltage  indication, 
did  you? 

8.  Now,  check  for  voltage  at  the  115V  AC  cockpit  heat  and  vent 
circuit  breaker.    There  is  voltage  at  this  point.    This  means  there 
must  be  an  open  in  wire  H9A20. 

9.  Record  your  findings  in  the  "cause11  block  of  trouble  switch 
#1 ,  on  the  troubleshooting  response  sheet. 


10.      You  have  completed  trouble  #1  so  place  that  trouble  switch 
to  the  OUT  position  and  continue  with  troubles  number  2  through  10. 
Be  sure  to  record  the  malfunction  in.  the  "discrepancy"  block  and  the 
cause  of  the  malfunction  in  the  "cause"  block  of  the  troubleshooting 
response  sheet. 

11.    After  you  have  completed,  return  this  workbook  to  your  lab 
instructor  to  have  him  grade  it.    If  you  did  not  locate  the  troubles 
correctly,  your  instructor  will  tell  you  where  you  made  your  error(s) 
and  have  you  redo  those  troubles.    Your  instructor  will  now  assign 
the  test  to  meet  the  objective.    You  must  locate  3  out  of  4  troubles 
correctly. 


ii 


Open  in  wire  H9A20." 
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TROUBLESHOOTING  RESPONSE  SHEET 


TROUBLE 
SWITCH 

unll  Oil 

NUMBER 

DISCREPANCY 

1 

CAUSE 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

WHEN  COMPLETED,  REPORT  TO  THE  INSTRUCTOR. 
Instructor's  signature  showing  satisfactory  completion  of  this  objective: 
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0BJEC1IVE 


Relate  8  out  of  10  components  of  the  rain  removal  system  to  their 
operation. 

INSTRUCTIONS 

The  text  presents  this  material  in  small  steps  called  frames. 
After  each  frame  you  are  asked  to  respond  to  questions  in  some  manner. 
Read  the  material  carefully  and  accomplish  what  each  frame  directs  you 
to  do.    The  correct  answers  are  given  at  the  top  of  the  next  frame  or 
as  specified.    If  yoa  have  answered  each  response  correctly,  continue 
on  to  the  next  frame.     If  you  are  incorrect,  read  the  material  again 
and  correct  your  answers  before  continuing. 


Supersedes  C3ABR42331-PT-202,  28  June  1982. 
OPR:     3370  TCHTG 
DISTRIBUTION:  X 

3370  TCHTG/TTGU-r  -  500;  DAV  -  1 
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Frame  1 


The  purpose  of  the  rain  removal  system  is  similar  to  the  purpose  of 
tue  windshield  wipers  on  an  automobile.    The  system  keeps  the  windshield 
clear  of  rain.    This  is  done  by  blowing  a  mixture  of  hot  and  par t* ally 
cooled  air  over  the  windshield,    ^he  air  will  break  up  the  rain  particles 
and  turn  them  away  fron  the  windshield. 

During  this  lesson  you  wi^.         studying  the  system  used  on  a  fighter 
type  aircraft.     In  the  system  th     ^r  lor  the  rain  removal  is  discharged 
through  a  nozzle  (outlet).     The  nozzle  is  put  at  the  base  of  the  wind- 
shield.   Notice  the  rain  removal  nozzle  location  below. 


Complete  the  following  statements. 

1.  The  purpose  of  the  rain  removal  system  is  to  keep  the 
clesr  of  rain. 

2.  The  rain  removal  system  blows  a  mixture  of    and 

  bleed  air  over  the  windshield. 

3.  The  rain  removal  nozzle  directs  air  over  the   

3 
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Answers  to  Frame  1:  1.  windshield  2.  hot,  partially  cooled  3.  windshield 
Frame  2 

The  air  for  the  rain  removal  system  is  "tapped"  from  the  cabin 
air  conditioning  system. 

The  partially  cooled  air  is  drawn  from  the  primary  section  of  the 
refrigeration  unit  heat  exchanger ♦    The  hot  bleed  air  is  drawn  from  the 
unit "3  hot  bleed  air  duct. 

The  dark  lines  in  the  sketch  show  the  rain  removal  system.    Note  the 
large  duct  that  carries  the  partially  cooled  air  from  the  heat  exchanger. 
The  smaller  duct  takes  the  hot  i*ir  from  the  refrigeration  unit  hot  bleed 
air  duct. 

WINDSHIELD  TEMPERATURE 
SENSING  CONTROL  UNIT 
(INSIDE  ACFT) 

WINDSHIELD  TEMPERATURE 
SENSOR 


BLEED  AIR  PRESSURE 
REGULATOR  AND  SHU  TOFF 
VALVE 


RAIN  REMOVAL 
N0ZZIE, 


DRAIN  V  ,LVE 


Fill  in  the  blanks  to  complete  the  following  statements. 

The  rain  removal  system  receives  partially  cooled  air  from  che 


2.  The  air  discharged  from  the  rain  removal  nozzle  is  a  mixture  of 
partially   and   air. 

3.  The  rain  removal  system  receives  hot  bleed  air  from  the  refrigeration 
unit   bleed  air  duct. 
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Answers  to  Frame  2:    1.    heat  exchanger      2.    cooled,  hot      3.  hot 

Frame  3 

Remember  the  fighter  cabin  air  conditioning  system?    Air  flow  through 
the  cabin  refrigeration  unit  is  regulated  by  the  bleed  air  pressure  regulator 
and  shutoff  valve.    This  valve  regulates  the  air  pressure  for  both  the 
cabin  air  conditioning  system  and  the  rain  removal  system. 

Trace  the  airflow  on  the  sketch  telow.    Start  at  the  point  marked 
FROM  BLEED  AIR  SYSTEM.    Follow  the  arrows  through  the  bleed  air  pressure 
regulator  and  shutoff  valve. 

Note  the  first  tapoff,  POINT  A,  going  to  the  rain  removal  system.  This 
is  the  hot  bleed  air  tapoff. 

Continue  to  follow  the  arrows  through  the  primary  section  of  the  heat 
exchanger  and  note  the  second  tapoff,  POINT  B,  going  to  the  rain  removal 
system.    This  is  the  partially  cooled  air  tapoff. 


FROM  V 
FROM  BLEED 
AIR  SYSTEM 


COMPRESSOR 
TURBINE 


CABIN  DUAL 
TEMPERATURE 
MIXING  VALVE 


HOT  AIR 
TO  RAIN 
REMOVAL 


COOLED  AIR 
TO  RAIN 
REMOVAL 


PRIMARY 
SECTION 

EXCHANGE 


TURBINE  OVERSPEED 
PRESSURE  SWITCH 


GROUND  COOLING 
EJECTOR  VALVE 


Fill  in  the  blanks  to  complete  the  following  statements. 

1.  The  jleed  air  pressure  regulator  and  shutoff  valve  must  be   

for  tj     rain  removal  system  to  operate.  — 

2.  The  bleed  air  pressure  regulator  and  shutoff  valve  is  part  of  the  cabin 
   unit. 

3.  The  partially  cooled  air  used  for  rain  removal  is  cooled  by  the 

  section  of  the  heat  exchanger. 
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Answers  to  Frame  3:    1.    regulating      2.    refrigeration      3.  primary 


Frame  A 

The  bleed  air  pressure  regulator  and  shutcff  vaT  e  is  a  solenoid 
controlled,  pneumatically  (air)  actuated  valve.    This  valve  has  two 
solenoids:    The  main  solenoid  (A)  and  a  low  pressure  solenoid  (B)  .  Both 
solenoids  use  28  VDC  power. 

For  normal  cabin  air  conditioning  operation,  only  the  main  solenoid 
is  energized.    This  regulates  the  pressure  of  the  air  conditioning  system 
to  62  psi.    This  will  happen  before  the  pilot  turns  the  rain  removal  system 
on. 

When  the  rain  removal  system  is  turned  on,  the  low  pressure  solenoid 
will  energize.    This  reduces  the  pressure  of  the  bleed  air  (for  both  air 
conditioning  and  rain  removal) to  35-45  psi. With  the  rain  removal  system  on, 
both  the  main  solenoid  and  the  lew  pressure  solenoid  will  be  energized. 

The  bleed  air  for  the  rain  removal  system  is  tapped  off  downstream 
(beyond-past)  of  the  pressure  regulator  and  shutoff  valve.    This  valve 
must  be  regulating  (open)  for  rain  removal  operation. 


Fill  in  the  blanks  to  complete  the  following  statements. 
The  b3*ftd  air  pressure  regulator  and  shutoff  valve  is  actuated  by 
  pressure. 

Opening  and  closing  the  pressure  regulator  and  shutoff  valve  is 

controlled  by  the    (main  solenoid/low  pressure  solenoid) . 

When  the  rain  removal  system  is  on,  pressure  to  the  air  conditioning 
system  is    (reduced/increased). 

When  the  rain  removal  system  is  on,  the  low  pressure  solenoid  is 

(energized/deenergized)  . 
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Answers  to  Frame  4:    1.    air      2.    main  solenoid      3.    reduced      4.  energized 

Frame  5 

The  sketch  on  this  page  is  a  simplified  schematic  of  the  rain  removal 
system.    The  bleed  air  pressure  regulator  and  shutoff  valve  and  the  heat 
exchanger  are  actually  part  of  the  cabin  refrigeration  unit.    These  are 
put  in  the  system  sketch.    They  are  also  related  to  the  rain  removal  system 
as  explained  in  the  previous  frames. 

Thc>  rain  removal  system  consists  of  the  following  four  components: 

1.  Rain  removal  valve 

2.  Rain  removal  bypass  valve 

3.  Rain  removal  duct  drain  valve 

4.  Rain  removal  nozzle 

Notice  each  of  these  components  in  the  system  illustration  below. 

RAIN 
REMOVAL 
NOZZLE 


RAIN  REMOVAL 
BYPASS  VALVE 


RAIN  REMOVAL 
/VALVE 


TO 

AIR  CONDITIONING 
SYSTEM 


FROM  BLEED 
AIR  SYSTEM 


Ible 


BLEED  AIR 


TURBINE 
OVERSPEED 


^6ULA%R  AND  PRESSURE  SWITCH 
SHUTOFF  VALVE 
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Frame  6 


The  rain  removal  valve,  shown  below,  controls  the  flow  of  partially 
cooled  bleed  air  from  the  heat  exchanger  to  the  rain  removal  nozzle. 
This  is  a  butterfly  type  valve. 

When  the  rain  removal  switch  is  placed  to  the  ON  position,  28  VDC 
power  is  directed  to  the  rain  removal  valve  motor.    The  valve  then  moves 
to  the  open  position.    This  allows  the  partially  cooled  bleed  air  to 
flow  through  the  valve  and  on  to  the  nozzle. 

NOTE:    1.    The  motor  actuates  the  valve 

2.  Opening  of  the  rain  removal  valve  is  controlled  by  the 
rain  removal  switch 

3.  Closing  of  the  rain  removal  valve  is  controlled  by  the 
rain  removal  bypass  valve  limit  switch 

RAIN 
REMOVAL 


Frame  7 


The  rain  removal  bypass  valve,  shown  below,  controls  the  hot  bleed 
air  going  to  the  rain  removal  nozzle  frcm  the  hot  bleed  air  duct.  This 
is  a  butterfly  type  valve. 

When  the  rain  removal  switch  is  placed  to  the  ON  position,  28  VDC 
power  is  directed  to  the  rain  removal  valve  motor.    After  this  valve  is 
fully  open,  a  limit  switch  inside  moves,  opening  the  circuit  within  the 
motor.    Then  the  28  VDC  power  is  directed  to  the  rain  removal  bypass 
valve  motor.    The  bypass  vaWe  then  moves  to  the  open  position,  allowing 
hot  bleed  air  to  flow  to  the  mixing  point.    At  this  point,  hot  bleed  air 
is  mixed  with  the  partially  cooled  air.    The  bypass  valve  increases  the 
volume  and  temperature  of  the  rain  removal  air. 


NOTE: 


The  motor  actuates  the  valve. 


2.    Opening  of  the  rain  removal  bypass  valve  is  controlled 
by  the  limit  switch  in  the  rain  removal  valve. 


Closing  of  the  rain  removal  bypass  valve  is  controlled 
by  the  rain  removal  switch. 

RAIN 
REMOVAL 
NOZZLE 


-Jbleed  air 

PRESSURE 
REGULATOR  AND 
SHU  TOFF  VALVE 


TURBINE 
OVERSPEED 
PRESSURE  SWITCH 


Frame  8 

Fill  in  the  blanks  to  complete  the  following  statements. 
1.    The  rain  removal  valve  is  actuated  by  a   


2.  The  hot  bleed  air  going  to  the  rain  removal  nozzle  is  controlled  by 
the  valvs. 

3.  The  air  flowing  to  the  rain  removal  nozzle  is  a  mixture  of   

  and  air. 

4.  The  rain  removal  bypass  valve  is  actuated  by  a  

5.  The  partially  cooled  bleed  air  going  to  the  rain  removal  nozzle  is 
controlled  by  the   valve. 

6.  Opening  of  the  rain  removal  valve  is  controlled  by  the   
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Answers  to  Frame  8:    1.    28  VDC  motor      2.    rain  removal  bypass 

3.  partially  cooled  &  hot  4.  28  VDC  motor 
5.    rain  removal    6.    rain  removal  switch 


Frame  9 

When  the  rain  removal  system  is  OFF,  the  rain  removal  duct  drain 
valve  is  held  open  by  a  spring.    This  allows  the  drain  valve  to  drain 
water  which  accumulated  while  the  aircraft  was  on  the  ground  during 
periods  of  precipitation.    The  drain  valve  prevents  water  from  being 
sprayed  over  the  windshield  when  the  rain  removal  system  is  turned  on. 

When  the  rain  removal  system  is  turned  ON,  air  flowing  through 
the  rain  removal  ducts  forces  the  rain  removal  duct  drain  valve  to  close. 
This  also  prevents  a  loss  of  air  when  the  systen  is  ON. 


WATER 


Fill  in  the  blanks  to  complete  the  following  statements. 

1.  The  rain  removal  duct  drain  valve  is  opened  by  a 

2.  The  rain  removal  duct  drain  valve  is  closed  by 
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Answers  to  Frame  9:      1.    spring     2.    air  pressure 


Frame  10 

Tne  illustration  below  shows  the  complete  airflow  system  with  the  rain 
removal  switch  in  the  ON  position.  A  schematic  of  the  electrical  circuitry 
is  also  shown. 

Trace  the  path  for  electrical  current  flow  when  the  system  is  turned 
ON.    Current  flows  from  the  circuit  breaker,  through  the  rain  removal 
switch.    From  the  switch  current  then  flows  to  the  low-pressure  solenoid 
on  to  the  bleed  air  pressure  regulator  and  shutoff  valve.    This  reduces 
the  air  pressure  going  to  the  air  conditioning  system. 

Current  is  also  directed  to  the  open  winding  of  the  rain  removal 

valve  motor.    This  operates  the  rain  removal  valve  to  the  open  position. 

When  the  valve  reaches  full  open,  it  moves  a  limit  switch  to  stop  current 

flow  to  the  rain  removal  valve  motor  windings.    This  limit  switch  then 

directs  the  current  flow  to  the  rain  removal  bypass  valve  motor.  Current 

then  flows  through  the  open  windings  of  the  rain  removal  bypass  valve 

motor,  opening  the  valve.    When,  the  rain  removal  bypass  valve  reaches 

the  full  open  position,  it  moves  a  limit  switch  to  stop  current  flow  to 

the  rain  removal  bypass  valve  motor  open  windings,  which  p:  event  the 

valve  from  over  travel.  rain 

REMOVAL 
NOZZLE 

RAIN  REMOVAL 
vSWITCH 


RAIN 
REMOVAL 
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Frune  10  (cont'd) 


Since  the  rain  removal  valve  opens  first,  the  partially  cooled  air 
will  reach  the  rain  removal  nozzles  first.    Then  the  rain  removal  bypass 
valve  will  Of  an  allowing  the  hot  bleed  air  to  mix  with  the  partially 
cooled  air  and  flow  on  to  the  nozzles.    The  rain  removal  valves  are 
sequenced  this  way  to  prevent  a  rapid  temperature  increase  of  the  wind- 
shield, which  could  damage  or  distort  the  windshield. 

Fill  in  the  blanks  to  complete  the  following  statements. 

1.      When  the  rain  removal  switch  is  ON,  the  low  pressure  solenoid  will  be 


2.    When  the  rain  removal  switch  is  ON,  the  valve  that  opens  first  is 


4.    When  the  rain  removal  switch  is  ON,  the  air  pressure  going  to  the 
air  conditioning  system  is   . 


the 


3*    The  rain  removal  bypass  valva  will  open  only  after  the 


has  fully  opened. 
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Answers  to  Frame  10:    1.    energized     2.    rain  removal  valve 

3.    rain  removal  valve      4.  reduced 


Frame  11 

The  illustration  below  shows  the  complete  airflow  system  with  the  rain 
removal  switch  in  the  OFF  position.    A  schematic  of  the  electrical  circuitry 
is  also  shown. 

With  the  switch  in  the  OFF  position,  the  circuit  will  open  going  to 
the  rain  removal  valve  and  the  low  pressure  solenoid.    TTiis  deenergizes 
the  low  pressure  solenoid  and  allows  the  pressure  regulator  and  shutoff 
valve  to  regulate  pressure  at  62  psi,  for  normal  air  conditioning. 

Trace  the  path  for  electrical  current  flow  when  the  system  is  turned 
OFF.    Current  flows  from  the  circuit  breaker,  to  the  rain  removal  switch. 
From  the  switch  current  then  flows  to  the  close  windings  of  the  rain 
removal  bypass  valve  motor,  closing  the  valve. 


RAIN 
REMOVAL 
NOZZLE 


RAIN  REMOVAL 
SWITCH 


RAIN 
REMOVAL 
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Frame  11  (cont'd) 


When  the  valve  reaches  full  closed,  It  moves  a  limit  switch  to  stop 
current  flow  to  the  rain  removal  bypass  valve  motor  windings.    This  limit 
switch  then  directs  the  current  flow  to  the  rain  removal  valve  motor. 
Current  then  flows  through  the  close  windings  of  the  rain  removal  valve, 
closing  the  valve.    When  the  rain  removal  valve  reaches  the  full  close 
position,  it  moves  a  limit  switch  to  stop  current  flow  to  the  rain  removal 
valve  motor  close  windings,  which  prevents  the  valve  from  over  travel. 

Fill  in  the  blanks  to  complete  the  following  statements. 

1.      When  the  rain  removal  switch  is  placed  to  OFF,  the  low  pressure 
solenoid  is 


2.    Placing  the  rain  removal  switch  to  OFF,  directs  electrical  power 
to  close  the     valve  first. 


3,     The  rain  removal  valve  closes  only  after  the 


has  been  fully  closed. 


15 


Answers  to  Trame  11:    1.    deenergized      2.    rain  removal  bypass 

3.    rain  removal  bypass  valve 

Frame  12 

Answer  the  following  statements  true  (T)  or  false  (F). 

  1.    The  purpose  of  the  rain  removal  system  is  to  keep  the  canopy 

clear  of  rain. 

  2.    The  rain  removal  valve  controls  the  flow  of  partially  cooled 

air. 

  3.    The  partially  cooled  air  for  rain  removal  is  tapped  from  the 

secondary  section  of  the  heat  exchanger. 

  4.    For  the  bleed  air  pr^tsure  regulator  and  shutoff  valve  to 

open,  the  emergency  vent  knob  must  be  pushed  in. 

  5.    The  volume  and  temperature  of  the  rain  removal  air  is  increased 

when  the  rain  removal  bypass  Vdlve  is  opened. 

  6.    The  rain  removal  valve  and  bypass  valve  are  both  actuated 

by  a  28  VDC  motor. 

  7.    The  rain  removal  drain  valve  is  held  open  by  a  spring  and 

closed  by  air  pressure. 

  8.     For  the  rain  removal  bypass  valve  to  open,  the  rain  '  Tnoval 

valve  must  be  fully  open. 

  9.    The  rain  removal  bypass  valve  closes  after  the  tain  removal 

valve  has  closed. 

 10.    Opening  of  the  rain  removal  valve  and  closing  of  the  rain 

removal  bypass  valve  are  controlled  by  the  rain  removal  switch. 

 11,    Closing  of  the  rain  removal  valve  and  opening  of  the  rain 

removal  bypass  valve  are  controlled  by  the  rain  removal  switch. 

 12.    Closing  of  the  rain  removal  valve  is  controlled  by  a  limit 

switch  on  the  rain  removal  bypass  valve. 
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Answers  to  Frame  12:    1.  F     2.  T     3.  F     4.  T     5.  T     6.  T 

7.  T     8.  T     9.  F      10. T     11. T    12.  T 


Fnme  13 


The  rain  removal  system  does  not  have  a  way  to  control  the  air  tempera- 
ture automatically.    So  should  an  overheat  condition  occut,  the  pilot  must 
turn  the  rain  removal  system  off  to  reduce  the  temperature. 

There  is  a  system  to  warn  the  pilot  when  the  windshield  temperature 
reaches  260  F  or  above,  where  it  could  damage  the  windshield  panel.  This 
is  the  windshield  temperature  overheat  warning  circuit. 

The  windshield  temperature  overheat  warning  circuit  consist*  of  the 
following  components: 


1.  Windshield  Temperature  Sensing  Control  Unit 

2.  Windshield  Temperature  (the  warning  light) 

3.  Windshield  Temperature  Sensor 

Locate  these  components  in  the  illustration  shown  below. 


*INDSMI£lD  temperature 
SEN'JNG  CONTROL  UNiT  *iNDSMiElD 


I  J 

WARNING  LIGHT 
TEST  RELAY 


Fill  in  the  blanks  to  complete  the  following  statements. 

1.  The  temperature  of  the  rain  removal  air    (is/is  not)  controlled 

automatically. 

2.  Excessively  hot  air  would  probably    the  windshield. 
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Answers  to  Frame  13:    1.    is  not      2.  damage 
Frame  14 

The  windshield  temperature  sensing  element  (also  called  the  wind- 
shield tempr-^^re  sensor)  is  mounted  on  the  lower  part  of  the  windshield. 
The  sensing  ex.-jnt  completes  one  leg  of  the  temperature  control  unit 
circuitry. 

The  temperature  sensing  element  has  a  positive  coefficient  of 
resistance.    As  the  temperature  increases,  the  resistance  of  the  sensing 
element  also  increases.    When  the  windshield  temperature  reaches  260°F, 
the  increase  in  sensor  resistance  creates  an  unbalanced  condition  in  the 
control  unit  and  causes  the  WINDSHIELD  TEMP  HIGH  warning  light  to  come  on. 

The  sketch  shows  the  windshield  temperature  sensor.    Also  shown  is 
the  relationship  of  the  sensor  to  the  other  units  in  the  windshield 
temperature  sensing  circuit. 


L  J 

WARNING  LIGHT 
1  EST  RELAY 


Fill  in  the  blanks  to  complete  the  following  statements. 
1.      rihe  windshield  temperature  sensing  element  3enses  the  temperature 
of  the 


2.  The  windshield  temperature  sensing  element  has  a   

coefficient  of  resistance. 

3.  When  the  windshield  temperature  decreases,  the  resistance  of  the 
sensing  element  .  (increases/decreases) 


ER?C 
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Answers  to  Frame  14:    1.    windshield     2.    positive      3.  decreases 

Frame  15 

The  windshield  temperature  sensing  control  unit,  shown  below, 
contains  a  magnetic  amplifier,  and  a  relay.    The  magnetic  amplifier 
requires  115  VAC  to  operate  and  allow  current  to  flow  through  the  relay 
coil,  energizing  the  relay.    This  keeps  the  relay  contact  open  and  the 
WINDSHIELD  TEfc?  HIGH  warning  li*ht  off. 

If  there  is  a  115  VAC  power  loss  to  pin  C  of  the  windshield  temp- 
erature sensing  control  unit  (due  to  an  open  wire  or  pulled  circuit 
breaker)  the  relay  will  deenergize.    This  closes  the  relay  contacts, 
completing  the  warning  light  circuit  and  turning  ON  the  WINDSHIELD  TEMP 
HIGH  warning  light. 

Should  the  windshield  temperature  reach  260°F  or  more,  the  signal 
from  the  sensor  will  stop  the  magnetic  amplifier  from  energizing  the 
relay.    This  closes  the  relay  contacts,  completing  the  warning  light 
circuit  and  turning  on  the  WINDSHIELD  TEMP  HIGH  warning  light. 


SENS'NG  CONTROL  UNfT  *iNDSmi£lD 


VMftRftiNG  LIGHT 
TEST  RELAY 


19 

1553 


Frame  16 


When  the  windshield  temperature  reaches  260°F,  the  WINDSHIELD 
TEMP  HIGH  warning  light,  comes  on  to  warn  the  pilot  of  an  overheat 
condition.    When  this  happens,  the  pilot  must  turn  off  the  rain  removal 
system. 

There  is  NO  means  for  automatically  controlling  the  rain  removal 
temperature.    The  pilot  must  control  the  temperature  manually.  The 
windshield  temperature  warning  system  tells  the  pilot  if  the  wind- 
shield temperature  is  too  hot. 

The  sketch  below  shogs  the  circuit  with  the  warning  light  on 
(temperature  is  above  260  F).    Notice  the  path  of  current  flow  from 
the  warning  light  power  circuit  breaker  to  the  light. 

When  the  windshield  temperature  drops  below  260°F,  the  windshield 
temperature  sensing  control  unit  will  energize  the  relay,  stopping 
current  flow  to  the  warning  light. 


EARNING  LIGHT 
CONTROL 


WINDSHIELD  TEMPERATURE 
SENSING  CONTROL  UNIT 

rfyj2oi 


HMNDSHtELD 
TEMPERATURE 
SENSOR 


WINDSHIELD 
TEMPERATURE 
HIGH 


warning  light 

TEST  RELAY 


Fill  in  the  blanks  to  complete  the  following  statements. 

1.  The  rain  removal  temperature  is  controlled  by  the   

2.  The  purpose  of  the  windshield  temperature  overheat  warning  system 
is  to  warn  the  pilot  when  the  m   is  above  260°F. 

3.  When  the  WINDSHIELD  TEMP  HIGH  warning  light  comes  on,  the  pilot 
must  turn  off  the  . 
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Answers  to  Frame  16: 


1.  pilot  2.  windshield  temperature 
3.    rain  removal  system 


Frame  17 

^ A  warning  light  system  i«  of  no  value  unless  we  are  sure  itfwill  work 
properly.    The  pilot  can  te^t  thfe  warning  light  system  before  edcTh  flight 
using  a< warning  light  test  switch". 

The  sketch  below  shows  th«  warning  ligtft  test  circuit  used  to  te&t 
the  WINDSHIELD  TEMP  HIGH  warning  light.   ,  ^ 

When  the  warning  light  test  switch  i^  he,ld  in  the  tesf  position, 
current  canr  flow  from  the  warning  light  control  circuit  breaker  through 
th^teat  swit<ih  and  on  to  th^ warning  light  control  unit.    This  energizes 
a  relay  ii;  the  control  unit.    With  thr  relay  energized,  current  flow*— 
from  the  warning  light  powe    circuit  breaker,  through-the-relay  contacts 
apd  on  to  the  light.    >  j 

Beholding  thc^  warning  light  test  switch  to  th^  test  position,  tW 
pilot  knows-pc^er  is  available  and-  the  bulb  ia  working  properly  if^the 
warning  light  comes  o*r.    If  th€  light  Aoee  nofe^com£  onr,  it$ indicates  a 
burned  out  light  bulb,  or  a  loss  of  14/28  VAC  power. 

The  warning  light  test  switch  illustrated,  shows  testing  of  only  one 
light.    On  the  actual  aircraft,  this  switch  will  test  several  warning 
light  systems. 


IISVAC 
W.NDSwELD 
TEMPERATURE 
SENSING 


WARNING  LIGHT 
CONTROL 


•JJ^^LO  TEMPERATURE 
SENSING  CONTROL  UNIT 


P/J  201 


IAG> 


WINDSHIELD 
TEMPERATURE 
P/J20t  SENS^i 


EARNING  LIGHT 
TEST  RELAY 


S2P/426S 


j  WINOSHIELO 
!  TEMPERATURE 
t  HIGH 


ERLC 


Fill  in  the  blanks  to  complete  the  following  statements. 

1.  The  warning  light  test  relay  is  used  for    the  warning 

light  system. 

2.  When  the  warning  light  test  relay  is  energized,  the  WINDSHIELD  TEMP 
HIGH  warning  light  is  (on/off)   . 
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Answers  to  Frame  17:    i.     testing      2.  on 


Frame  18 

Match  the  units  libtcd  in  column  t!BM  with  the  statements  given  in 
column  "A'1  by  placing  the  letter  from  column  ,!Bfl  in  the  blanks  provided, 


COLUMN  A 

1.  Allows  the  water  to  drain  out 
when  the  system  is  off. 

2.  Senses  the  temperature  of  the 
windshield. 

3.  Controls  the  flow  of  partially 
cooled  air  from  the  heat 
exchanger. 

4.  Contains  a  magnetic  amplifier 
and  a  relay  which  turns  on  the 
warning  light 

5.  Controls  the  hot  bleed  air 
going  to  the  rain  removal 
nozzle. 

6.  Used  to  reduce  the  pressure 
of  the  bleed  air  for  both  air 
conditioning  and  rain  removal 
to  40  psi. 

7.  Warns  the  pilot  that  the  wind- 
shield temperrture  is  too  high. 

8.  Is  an  air  actuated »  solenoid 
controlled  valve. 


COLUMN  B 

A.  Rain  removal  bypass  valve 

B.  Low  pressure  solenoid 

C.  Windshield  temperature 
sensing  control  unit 

D.  Rain  removal  duct  drain 
valve 

E.  Windshield  temperature 
sensor 

F.  Pressure  regulator  and 
shutoff  valve 

G.  Rain  removal  valve 

H.  Windshield  Temp  High 
warning  light 


This  valve  is  held  open  by  a 
spring,  and  closed  by  air 
pressure. 


ERIC 
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Answers  to  Frame  18:    1.  D     2.  E     3.  G     4.  C     5.  A     6.  B 

7.  H     8.  F      9.  D 

Frame  19 

SUMMARY 

/•Th£  rain  removal  system,  utilizing  bleed  air  from  the  cabin  air 
conditioning  system,  keepg  the  windshield  cle^r  when  flying  ift  rain  by 
blowing  hot  air  over  the  windshield.    This  breaks  up  particles  apd^iiverts 
them  over  the  glass. 

When  the  pilot  runs  into  rrfln  he  has  to  turfi  off  tltfe  rafn  removal 
(  .switeh.    This  wiH  energize  tt>e  low  pressure  solenoid,  and  open  the  rain 
removal  valve" an4  the  rain  removal  bypass  valve.    The  rain  removal  bypass 
valvar  supplies  hot  bleed  air  to-fhe  raip  removal  nozzle.    This  mixture  o,£ 
partially  cooled  and  hot  bleed  air  goes  over  the  windshield  to  keep 
the  rain  off  the  windshield.    If  the  temperature  on  th€  windshield  sensor 
reaches  260  F  ot^ above,  %h&  relay  inside  theTwindshield  temperature 
sensing  control  unit  wtll  deenergize  and  turn  otC th€^ WINDSHIELD  TEM^  HIGH 
warning  lightT  When  the  light  corned  on;  thjr  pilot  will  have  to  manually 
turrf^of    tl>e  rain  removal  system  te^ prevent  damage  of  the  windshield. 
Whejr  the  rain  removal  switen  i&  placyT^tp^the"  OFP^position,  the^raiir 
removal  bypass  valve'  wilKclos€T  f  iret ,  ancT  then  tfc^rairfremoval  valve- 
will  cloee.V  Once  the  valves  are  closed  and  the  temperature  drops  below 
260  F*  the4elay  will  energize  and  turn  the  light  off.    When  the  light 
has  gone  off,  the  pilot  can  turn  the  rain  removal  switch  back  to  the  ON 
position  if  need  be. 

Fill  in  the  blanks  to  complete  the  following  statements. 

1.      The  rain  removal  nozzle  directs  air  over  the 


2.  The  partially  cooled  air  used  for  rain  removal  is  cooled  by  the 
 of  the  cabin  refrigeration  u::it  heat  exchanger. 

3.  When  the  rain  removal  system  is  ON,  the  low  pressure  solenoid  is 
(energized/deenergized)   . 

4.  The  lain  removal  valve  is  actuated  by  a   . 


5.  The  air  flowing  to  the  rain  removal  nozzle  is  a  mixture  of 
air  and   air. 

6.  The  rain  removal  duct  drain  valve  is  opened  by  a   


7.  When  the  rain  removal  switch  is  turned  ON,  the  valve  that  opens  first 
is  the  . 

8.  The  rain  removal  valve  closes  only  after  the  rain  removal  bypass  is 
fully   . 

9.  The  windshield  temperature  sensor  has  a    coefficient  of 

resistance. 
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Answers  to  Frame  19: 

1.  windshield 

2.  primary  section 

3.  energized 

4.  28  VDC  motor 

5.  partially  cooled,  hot  bleed 

6.  spring 

7.  rain  removal  valve 

8.  closed 

9.  positive 
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WINDSHIELD  TEMPERATURE  CONTROL  CIRCUIT 
FUNCTIONAL  TEST  PROCEDURES 


OBJECTIVE 


Given  functional  test  procedures  for  the  windshield  temperature 
control  unit  circuitry,  the  power  bench  with  UNIT-B,  and  related  test 
equipment,  perform  a  functional  test  and  record  the  correct  procedure 
number  and  the  remedy  for  abnormal  indication  for  2  given  problems. 


EQUIPMENT 


Power  Bench  P/N  18-79-4534 
Power  Bench  Unit  B 
Multimeter  P/N  AN/PSM-37 
Decade  Box 


PROCEDURE 


Caution:    Remove  watches,  rings,  bracelets,  etc.  before  starting 
to  work  on  the  equipment.    You  will  NOT,  at  anytime,  turn  ON  any 
of  the  three  power  switches  found  on  the  right  side  of  the  power 
bench.    ONLY  the  instructor  will  operate  these  three  power 
switches.    See  figure  4.    If  you  can't  find  these  three  power 
switches  on  the  power  bench,  see  /our  instructor  at  this  time. 


Note:    Do  NOT  make  any  electrical  connections  until  instructed  to 
do  so  by  the  workbook  or  the  instructor.    Do  NOT  mix  your  leads, 
cables,  etc.  with  your  neighbor's  equipment.    When  you  leave  your 
work  area  for  any  reason  (break,  etc.)  make  sure  you  do  the 
following  procedures  before  you  leave: 

1.  Insure  you  have  complied  with  all  the  instructions  given  by 
your  instructor. 

2.  Insure  your  equipment  is  properly  stored  and  secured  before 
leaving  the  area.    This  includes: 

a.  Multimeter. 

b.  Decade  (if  it  is  not  electrically  connected  to  your  work). 

c.  Anything  else  the  instructor  may  have  instructed  you  to  do. 

3.  When  you  return  from  your  break,  take  the  same  equipment  from 
the  storage  areas  ,md  go  back  to  work. 


Supersedes  ST  C3ABR42331-WB-203B,  22  March  1984. 
OPR.-     3370  TCHTG 
DISTRIBUTION:  X 

3370  TCHTG/TTGU-P  -  500;  DAV  -  1 
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4.      If  there  is  anything  you  do  not  understand  about  the  procedures 
before,  during,  or  after  break,  be  sure  you  ask  your  instructor. 

i>.      Iasure  the  power  is  turnrd  OFF  on  your  unit.    If  you  are  in 
question  about  the  power,  ask  you  instructor  NOW!    See  figure  5. 

Read  and  study  the  following  definitions  at  tnis  time. 

DEFINITIONS 

PROCEDURE  -  A  series  of  steps  which  must  follow  in  a  regular  definite 
order.    This  is  requf :ed  in  order  to  achieve  the  objective. 

NORMAL  INDICATION  -  This  is  an  indication  which  usually  results  from 
aoing  the  correct  procedure. 

REMEDY  FOR  ABNORMAL  INDICATION  -  A  way  to  correct  the  abnormal  indication. 

WINDSHIELD  AREA  -  Tuis  is  the  area  on  the  aircraft  around  the  windshield 
where  the  windshield  temperature  sensor  is  found.    On  the  simulator 
aircraft,  UNIT-B,  there  is  a  simulated  Windshield  Temperature 
Sensor.    This  is  found  in  the  top  left  hand  corner  under  windshield 
area,  where  the  black  raised  area  is.    See  figure  5. 

SIMULATION  -  This  is  wr    ten  on  the  simulated  aircraft  in  the  top  right 
hand  corner  of  UNIT-B  panel.    This  has  a  switch  to  allow  the  air- 
craft circuit  to  be  programmed  with  either  the  aircraft's  sensor 
or  sxmulated  sensor  (Rheostat).    The  simulated  position  allows  you 
to  change  the  resistance  as  needed  with  a  rheostat.    The  sensor 
position  does  not  allow  the  use  of  the  rheostat  that  you  used  when 
you  had  it  in  .    :  simulated  position.     It  does  however  use  the 
internal  resistance  of  the  sensor  circuit.    See  figure  5. 

WINDSHIELD  TEMP  HIGH  WARNING  LIGHT  -  This  is  the  light  found  in  the 

lower  left  corner  of  the  simulated  aircraft  (UNIT-B)  which  tells 
if  an  overheat  condition  exists.    It  is  also  called  'Light,11 
"Caution  Light,"  or  "Windshield  Temp  High  Warning  Light,"  and  is 
found  in  the  cockpit  of  the  actual  aircraft.     See  figure  5.  HIGH 
is  the  same  as  HI. 

-  Same  as  "WSHLD  TEMP  HIGH" 

-  Same  as  "WINDSHIELD  TEMP  HI" 

COCKPIT  AREA  -  This  is  the  area  of  UNIT-B  which  you  would  find  similar 

to  the  actual  aircraft.    The  panel  given  on  UNIT-B  has  all  the  control 
devices  needed  fo*   the  circuit  as  found  on  an  actual  aircraft. 
(Simulation  area  is  not  found  in  the  cockpit.)    See  figure  1. 

WINDSHIELD  TEMPERATURE  SENSING  CONTROL  UNIT  -  It  is  found  in  the  .wckpit 
under  the  control  panel  of  the  real  aircraft.    On  the  simulated  air- 
craft, (UNIT-B)  it  is  found  at  the  bottom  of  the  cockpit  area  panel. 
It  is  for  the  WINDSHIELD  TEMP  HIGH  CIRCUIT  as  you  have  studied  in 
past  material.    See  figure  5. 
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RELAY  -  It  is  below  the  cockpit  area  panel  in  UNIT-B.     Its  purpose  is  to 
test  the  WINDSHIELD  TEMP  HIGH  light,  NOT  the  automatic  temperature 
circuit.    See  figure  5. 

STEP  NUMBER  -  In  this  workbook,  step  number  and  procedure  are  the  same. 

DIAGRAM  1  -  This  diagram  is  for  your  own  use,  unless  otherwise  instructed. 

WINDSHIELD  TEMPERATURE  SENSING  ELEMENT  -  Same  as:    "Temperature  Sensor" 

"Windshield  Temperature  Sensor" 

"Sensor"  in  this  workbook 

UNIT-B  -  Fighter  aircraft  windshield  temperature  sensing  control  and 
sensing  circuits. 

-  Windshield  temperature  control  unit  circuitry. 

-  Simulated  aircraft. 

Before  you  start  with  the  following  exercises  be  sup  that  you 
completely  understand  the  past  PTs  and  Wba  of  the  rain  removal  system 
and  circuits.    If  you  have  any  questions  about  the  system,  see  your 
instructor  at  this  time  and  DON'T  go  to  the  next  paragraph.    If  you 
know  and  understand  the  material  on  the  rain  removal  system  up  to  this 
point,  you  may  progress. 

In  this  workbook  you  will  find  checkout  procedures  which  are  similar 
to  what  you  will  be  using  on  the  flight  line.    Checkout  procedures  on 
the  flight  line  are  provided  for  use  during  established  inspection 
periods  or  for  performing  troubleshooting.    The  items  to  be  checked  and 
scheduled  frequencies  for  these  checks  are  established  by  applicable 
inspection  requirements  manuals.    Perform  the  procedures  only  in  the 
sequence  as  outlined  and  given  in  this  workbook  or,  if  on  the  flight 
line,  as  the  aircraft  manual  requires. 

You  may  refer  to  the  rain  removal  wiring  diagram  as  you  see  fit 
during  this  workbook.    It  is  found  on  page  34,  diagram  1,  at  the  back 
of  this  workbook.    You  will  not  be  allowed  to  use  the  diagram  during 
any  evaluation,  unless  the  evaluation  instructions  say  you  can. 

If  at  any  time  in  this  workbook  the  instructor's  initials  are 
required,  you  will  stop  and  ask  the  instructor  for  his/her  initials. 

From  your  past  studies  of  the  rain  removal  system  on  the  fighter 
aircraft  you  should  recall  the  following: 

1.  A  caution  light  called  WINDSHIELD  TEMP  HIGH  is  used  to  inform 
the  pilot  of  an  overheat  condition  on  the  windshield. 

2.  The  caution  light  is  in  the  rlndshield  overheat  circuitry  and 
is  controlled  by  the  windshield  temperature  sensing  control  unit. 
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3.  During  NORMAL  operation,  the  windshield  high  light  will  remain 
OFF.    When  a  critical  temperature  period  of  260°F  or  more  is  reached, 
the  light  will  come  on. 

4.  Power  of  115  VAC  is  supplied  to  the  amplifier  in  the  tempera- 
ture control  unit. 

5.  The  amplifier  will  NORMALLY  keep  the  windshield  temp  sensing 
control  relay  energized  as  long  as  the  sensor  circuit  resistance  is  low 
and  within  the  shaded  area  shown  in  the  graph  in  figure  9. 

6.  Low  voltage  28  VAC  power  is  supplied  to  the  relays  contacts 

in  the  windshield  temperature  sensing  control  unit.    This  relay  controls 
low  voltage  28  VAC  power  to  the  caution  light. 

7.  When  the  temperature  of  the  windshield  rises  to  a  critical 
temperature  of  over  260  degrees,  the  relay  in  the  windshield  temperature 
sensing  control  unit  deenergizes,  illuminating  the  warning  light. 

8.  During  normal  temperature  operation  of  the  system,  the  relay 
in  the  windshield  temperature  sensing  control  unit  is  energized. 

In  figure  1  you  will  find  a  picture  of  UNIT-B.    This  is  not  a  tester. 
It  will  be  called  a  simulated  aircraft  because  in  it  you  find  the  fighter 
aircraft  windshield  temperature  sensing  control  and  sensing  circuits.  On 
each  side  of  the  cockpit  area  of  UNIT-B,  you  will  also  find  a  storage 
area  for  the  necessary  wiring  needed  for  this  workbook.    See  tigure  1. 

You  will  find  the  left  storage  area  and  TEST  CABLE  shown  in  figure  1. 
The  test  cable  has  a  box  added  to  it  which  is  not  found  on  the  flight  line 
test  cable.  This  is  shown  in  figures  2  and  3.  The  box  provides  ABNORMAL/ 
vORMAL  indication  switches  (trouble  switches  used  to  simulate  problems). 

On  the  flight  line,  your  shop  will  make  their  own  test  cable  as 
shown  in  figure  2.    Figure  2  is  taken  from  the    ircraft  manual  for  you 
to  examine.    Note  that  figure  2,  uest  cable  does  . 0T  have  the  box  as 
the  test  cable  used  in  the  school  does,  shown  in  figure  3. 

You  must  remember,  UNIT-B  is  NOT  a  tester,  it  is  a  simulated  aircraft 
for  only  the  fighter  aircraft  windshield  temperature  sensing  control  and 
sensing  circuits.    Remember  it  is  NOT  a  tester.    Only  the  test  cable, 
decade  and  multimeter  may  be  considered  by  some  to  be  in  the  same  family 
as  testers.    This  is  because  they  are  used  to  checkout  the  functioning 
of  the  circuits. 

If  you  have  any  questions  about  the  past  materials,  see  your 
instructor  at  this  time.    If  you  don't  have  any  questions,  go  to  the 
next  page. 
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PREPARATION 


Note:    DO  NOT  make  any  connections  unless  instructed  to  do  so. 

1.  Insure  you  have  complied  with  all  safety  requirements  found  in 
the  beginning  of  this  workbook,  posted  in  the  lab,  and  given  by  your 
instructor. 

2.  At  the  power  bench,  remove  UNIT-B  from  one  of  the  two  cabinets 
in  front  of  you.     (See  figure  4.)    If  they  are  locked  or  you  have 
difficulty  with  them  see  your  instructor  at  this  time. 

3.  Place  UNIT-B  in  front  of  you  on  the  power  bench  (see  figure  4). 

4.  Remove  the  lid  from  UNIT-B  using  the  4  latches  and  leave  wires 
in  UNIT-B  until  instructed  to  remove  them. 

5.  Place  the  lid  back  in  the  cabinet  (see  figure  4). 

6.  Make  sure  the  two  power  switches  on  UNIT-B  (simulated  aircraft) 
are  OFF  (see  figure  5). 

7.  Insure  the  AC  and  DC  power  cables  are  connected  to  the  power 
bench  outlets  in  front  of  you  under  the  cabinets  (see  figure  4).  The 
power  cables  for  the  simulaced  aircraft  are  in  the  right  storage  area 
of  UNIT-B. 

8.  Insure  the  simulated/sensor  switch  has  the  red  cover  down 
(see  figure  5). 

9.  Leave  the  test  cable  with  abnormal  indication  panel  in  place 
as  shown  in  figure  1  on  the  left  storage  compartment. 

10.      Leave  the  RED  and  BLACK  leads  for  the  decade  in  place  as 
shown  in  figure  1  on  the  right  storage  compartment. 

If  you  don't  have  any  questions  at  this  time  go  on  to  Exercise  1. 

If  you  don't  have  enough  time  to  finish  your  workbook  by  lunch 
time  or  the  end  of  the  day,  proceed  to  storage  steps  on  page  18. 
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Exercise  1 


WINDSHIELD  TEMPERATURE  SENSING  CONTROL  UNIT  SYSTEM  CHECK 
You  must  have: 

TOOLS  AND  EQUIPMENT 
Power  Bench  with  UNIT-B 
Lead  Pencil  (No  ink) 

Do  NOT  progress  in  this  exercise  until  the  PREPARATION  is  completed 
on  page  6. 

Looking  at  the  next  page  you  will  find  3  columns  titled  as  follows: 

1.  PROCEDURE 

2.  NORMAL  INDICATION 

3.  REMEDY  FOR  ABNORMAL  INDICATION 

See  the  definitions  for  the  above  on  page  3. 

If  you  find  that  a  normal  indication  is  provided  in  the  column, 
but  the  indication  resulting  from  the  procedure  is  abnormal  and  there 
isn't  a  remedy  provided  for  an  abnormal  indication!  STOP  and  see  your 
instructor. 

Go  to  the  next  page. 


WINDSHIELD  TEMPERATURE  SENSING  CONTROL  UNIT  SYSTLM  CHECK 


PROCEDURE 

NORMAL  INDICATION 

REMEDY  FOR  ABNORMAL 
INDICATION 

1. 

Insure  the  two  aircraft 
power  switches  are  OFF, 
located  on  UNIT-B,  the 
simulated  acft. 

All  red  lights  out 
on  simulated  acft 
(UNIT-B) 

2. 

Insure  the  plug  on  the 
simulated  aircraft  is 
properly  connected  to 
the  windshield  tempera- 
ture sensing  control 
unit. 

As  shown  in  figure  5 

3. 

Insure  the  three 
circuit  breakers  are 
pushed  in  on  UNIT-B 

Circuit  breakers  should 
stay  in. 

Note:    At  this  time  the  instructor  will  insure  the  power  switches  on 
the  right  side  of  the  power  bench  are  set  as  required.  Students 
will  NOT  turn  these  switches  on! 


Turn  on  the  two  power 
switches  for  AC  and  DC 
on  the  simulated  acft. 


Briefly  hold  the  warning 
light  test  switch  in 
test  position.  (See 
figure  5.) 


The  following  RED  lights 
should  come  on: 

28  VDC 

115  VAC 

28  VAC 

WINDSHIELD  TEMP  HIGH 
comes  on  during  the 
holding  period  of 
the  switch. 


Note:    The  following  steps  make  use  of  the  SIMULATION  area  on 
UNIT-B.    The  simulated/sensor  switch  and  rheostat  for  resistance 
changes  with  simulating  temperature  change  are  installed  here  only 
for  training.    They  allow  you  to  change  resistance  when  you  mentally 
simulate  a  temperature  change.    You  will  NOT  find  these  on  the 
actual  aircraft  on  the  flight  line  or  in  any  of  the  rain  removal 
systems  wiring  diagrams.    The  simulation  switch  when  placed  to 
simulation  takes  the  Windshield  Temperature  Sensor  out  of  the 
circuit  and  in  its  place  puts  the  rheostat  for  simulation.  (See 
figure  5.) 
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WINDSHIELD  TEMPERATURE  SENSING  CONTROL  UNIT  SYSTEM  CHECK  (Cont'd) 


PROCEDURE 


6.  Place  the  simulated/ 
sensor  switch  to 
simulate.     (Raise  the 
red  cover  first.) 

7.  Rotate  the  rheostat 
clockwise  to  increase 
resistance  with  the 
simulated  increase 

in  temp. 


Rotate  the  rehostat 
counterclockwise  to 
reduce  resistance 
just  far  enough  to 
turn  OFF  the 
Windshield  Temp 
High  light. 


9.  Continue  to  rotate 
the  simulated  sensor 
counterclockwise  until 
the  Windshield  Temp 
High  light  comes  on. 

10.  Place  the  simulated/ 
windshield  switch  to 
sensor  (red  cover  down). 

11.  Insure  the  two  aircraft 
power  switches  are  OFF. 
(Located  on  UNIT-B  of 
the  simulated  acft.) 


NORMAL  INDICATION 


WINDSHIELD  TEMP  HIGH 
may  OR  may  not  come  on. 


WINDSHIELD  TEMP  HIGH 
light  will  come  on  at 
about  260°  and  174  ohms, 
Do  NOT  measure  these 
values. 


The  Windshield  Temp 
light  goes  out  at 
260 °F  and  174  ohms. 
Do  NOT  measure  these 
values* 


Light  comes  on  at  about 
70  ohms •    Do  NOT  measure 
this  value. 


Windshield  Temp  High 
light  may  or  may  not 
be  out. 

All  red  lights  out  on 
simulated  aircraft 
(UNIT-B). 


REMEDY  FOR  ABNORMAL 
INDICATION 


If  you  want  to  do  the  above  again,  you  may  at  this  time. 

GO  TO  THE  NEXT  PAGE 


You  have  just  completed  the  system  check  of  the  rain  removal  Warning 
Light  Tet>t  when  using  the  Warning  Light  Test  switch.    You  have  also  just 
simulated  high  and  low  temperatures  and  then  manually  changed  resistance 
with  the  rheostat  so  you  could  see  the  Windshield  Temp  High  light  come  on 
and  go  OFF. 

You  must  remember  UNIT-B  is  NOT  a  tester.  Later  you  will  connect  a 
test  cable  to  the  circuit  and  also  use  a  decade  box  and/or  multimeter  to 
test  the  electrical  quality  and  adjustment  of  this  simulated  aircraft. 

You  must  remember  that  the  simulated/sensor  switch  and  the  rheostat 
are  not  part  of  the  real  aircraft  electrical  circuit  and  you  will  not 
find  them  in  the  electrical  wiring  diagrams.    They  are  for  school  use 
only,  and  you  will  not  use  them  unless  instructed  by  the  instructor  to 
do  so  in  the  remainder  of  the  workbook. 

If  you  should  have  any  questions  or  don't  understand  something  so 
far,  see  your  instructor  at  this  time. 

Remember  from  your  past  training  that  the  test  switch  does  not 
check  the  sensor  or  the  windshield  temperature  sensor  control  unit, 
but  only  the  windshield  temp  high  light. 

After  completing  Exercise  1,  progress  on  to  Exercise  2. 


10 

1568 


Exercise  2 


WINDSHIELD  TEMPERATURE  SENSOR  FUNCTIONAL  TEST 


This  procedure  provides  a  detailed  electrical  check  of  the 
temperature  sensor.    You  must  have: 

TOOLS  AND  EQUIPMENT 

Power  Bench  with  UNIT-B 

Multimeter 

Lead  Pencil  (No  ink) 

If  you  have  done  the  storage  steps  on  page  18  after  Exercise  1, 
you  must  complete  the  preparation  steps  again  on  page  6  before  beginning 
Exercise  2; 


If  the  storage  steps  were  NOT  done  between  Exercise  1  and  2,  you 
should  progress  to  Exercise  2; 


If  you  have  just  started  the  performance  exercise  or  test,  insure  the 
preparation  steps  on  page  6  are  completed  before  beginning  Exercise  2. 


OR 


OR 


GO  TO  NEXT  PAGE 
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WINDSHIELD  TEMPERATURE  SENSOR  FUNCTIONAL  TEST 


PROCEDURE 


3. 


4. 


5. 


6. 


ERIC 


Insure  the  two  aircraft 
power  switches  are  OFF, 
located  on  UNIT-B  of 
the  simulated  acft. 

Insure  the  nine  switches 
on  the  abnormal  indica- 
tion box  are  in  normal. 


NORMAL  INDICATION 


All  red  lights  out  on 
the  simulated  aircraft 
UNIT-B. 


REMEDY  FOR  ABNORMAL 
INDICATION 


See  figure  6. 

Note:    Disregard  steps 
2-4  when  you  are  on 
your  practice  problems 
or  progress  check. 

See  figure  7. 


Insure  the  plug  is  See  figures  5  and  6* 

disconnected  from  the 
Windshield  Temperature 
Sensing  Control  Unit,  or 
as  connected  in  step  4. 

Connect  the  cable  with 
the  abnormal  indication 
box  between  the  Wind- 
Shield  Temperature 
Sensing  Control  Unit  and 
the  aircraft  wiring. 

Connect  a  multimeter  to 
TP-1  and  TP-2  and 
measure  the  sensor 
resistance  and  record  the 
reading  

Note:     Insure  Simulated/Sensor  switch  is  in  Sensor  position  with 
RED  cover  DOWN  for  step  5. 

Note:  The  two  plastic  covers  on  the  end  of  the  test  cable  must  be 
stored  in  left  storage  area. 

Resistance  within 
tolerance  shown. 
(This  is  the  shaded 
area  on  the  graph.) 


Using  the  areas  ambient 
temperature  provided  by 
your  instructor  (or 
found  on  the  bench  in 
front  of  you)  and 
resistance  you  recorded 
above,  plot  this 
information  on  the  graph 
in  figure  9. 


If  HIGH  resistance, 
replace  windshield 
temp  sensor. 


If  OPEN,  replace 
windshield  temp 
sensor. 

If  LOW  resistance, 
replace  wir  '"shield 
temp  sensor. 

If  SHORT,  replace 
windshield  temp 
sensor. 


If  you  want  to  do  the  above  again  you  may  at  this  time. 

GO  TO  THE  NEXT  PAGE 
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You  have  just  completed  the  Windshield  Temperature  Sensor  Functional 
Test.    This  procedure  provides  a  detailed  electrical  check  of  the 
temperature  sensor  only.    It  does  not  have  anything  to  do  with  the  rest 
of  the  circuit  (which  turns  the  Windshield  Temp  High  light  on  or  off). 

If  you  should  have  any  questions  or  don't  understand  something  so 
far,  see  your  instructor  at  this  time. 
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Exercise  3 


WINDSHIELD  TEMPERATURE  SENSING  CONTROL  UNIT  FUNCTIONAL  TEST 

This  procedure  provides  a  detailed  check  of  the  electrical  integrity 
and  adjustment  of  the  temperature  sensing  control  unit.    You  must  have: 

TOOLS  AND  EQUIPMENT 

Power  Bench  with  UNIT-B 

Decade 

Lead  Pencil  (No  ink) 

Note:  The  multimeter  is  required  for  the  Performance  Exercise, 
Be  sure  that  you  have  the  multimeter  disconnected  from  TP-1  and 
TP-2. 

If  you  have  done  the  storage  steps  after  Exercise  2,  you  must 
complete  the  preparation  steps  on  page  15,  step  1,  again  before 
beginning  Exercise  3; 


If  the  storage  steps  were  not  done  between  Exercise  2  and  3, 
you  should  progress  to  Exercise  S,  step  8. 


OR 
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Exercise  3 

WINDSHIELD  TEMPERATURE  SENSING  CONTROL  UNIT  FUNCTIONAL  TEST 


PROCEDURE 


iNORMAL  INDICATION 


REMEDY  FOR  ABNORMAL 
INDICATION 


1.  Insure  the  two  aircraft 
power  switches  are  OFF 
on  the  simulated  aircraft 

2.  Insure  the  AC  and  DC 
power  cables  from  the 
simulated  aircraft  are 
connected  to  the  power 
bench  shelf  in  front 
of  you.    See  figure  4. 

3.  Insure  the  3  circuit 
breakers  are  pushed  in 
on  simulated  acft. 

4.  Insure  the  Sensor 
Simulated  switch  is  in 
the  sensor  position 
with  RED  cover  down. 
See  figure  5. 

5.  Place  the  nine  switches 
on  the  abnormal  indica- 
tion box  to  normal. 

6.  Insure  the  plug  is  dis- 
connected from  the  Wind- 
shield Temperature 
Sensing  Control  Unit, 

or  as  connected  in 
Step  7. 

7.  Insure  the  cable  with 
the  abnormal  indication 
box  is  connected  between 
the  Windshield  Tempera- 
ture Sensing  Control 
Unit  and  acft  wiring. 

8.  Connect  Simulated  Sensor 
Decade  1  to  the  banana 
jacks  at  TP-3  and  TP-4, 
which  are  the  green 
jacks  of  the  abnormal 
indication  box. 


All  RED  lights  out  on 
simulated  acft  UNIT-B 
figure  5. 

See  figure  5* 


Circuit  breakers  should 
stay  in. 


RED  cover  down. 


As  shown  in  figure  6. 


See  figures  5  and  6, 


As  shown  in  figure  6. 


See  figure  8. 
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PROCEDURE 


NORMAL  INDICATION 


REMEDY  FOR  ABNORMAL 
INDICATION 


9.  Only  after  the  instruc- 
tor has  initialed 
above,  turn  on  the  two 
power  switches  on  the 
simulated  aircraft. 


10.  With  only  the  115  VAC 
circuit  breaker  pulled 
out,  set  decade  1  to 
71  ohms. 


Four  lights  come  on  for* 
28  VDC    Figure  5 

115  VAC 

28  VAC 

Windshield  temp  high 
light 

Windshield  Temp  High 
light  on.    Figure  5. 


Replace  Windshield 
Temperature  Sensing 
Control  Unit. 


Pulling  out  the  circuit  breaker  cuts  off  115  VAC  power  to  the 
amplifier  in  the  Windshield  Temperature  Sensing  Unit.    The  relay  in  this 
control  unit  becomes  deenergized  and  the  contacts  come  together  causing 
the  Windshield  Temp  High  light  to  come  on.    Study  Diagram  1. 


11.  Set  (push  in)  Wind- 
shield Sensing  circuit 
breaker,  115  VAC. 

12.  Set  resistance  (decade) 
to  170  ohms 


Windshield  Temp  High 
light  goes  out. 


Light  remains  out. 


Replace  Windshield 
Temperature  Sensing 
Control  Unit. 

Replace  Windshield 
Temperature  Sensing 
Control  Unit. 


Note:    Throughout  this  workout,  when  the  remedy  for  abnormal  indi- 
cation requires  any  kind  of  adjustments  to  resolve  the  abnormal 
indication  you  will  NOT  make  the  adjustment. 


13. 


Slowly  increase  resist- 
ance (decade)  in  one  (1) 
ohm  increments,  until 
Wshld  Temp  High  light 
comes  on.  Record 
resistance  ohms. 


14.  Increase  resistance  to 
200  ohms. 


Light  comes  on  at 
172.5  to  175.5  ohms. 


Light  remains  on. 


Calibration  (adjust- 
ment) required  of 
Windshield  Tempera- 
ture Control  Unit. 


Replace  Windshield 
Temperature  Sensing 
Control  Unit. 


The  next  step  may  require  resistance  on  the  decade  to  be  reduced  to 
tenths  to  find  the  correct  value. 


15.  Decrease  resistance 

slowly  until  Wshld  Temp 
High  light  goes  out. 
Record  resistance 

ohma. 


Resistance  not  less 
than  1.5  ohms  or  more 
than  25  ohms  below  the 
resistance  that  light 
comes  on  in  step  13. 


Replace  Windshield 
Temperature  Sensing 
Control  Unit. 
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PROCEDURE 


NORMAL  INDICATION 


REMEDY  FOR  ABNORMAL 
INDICATION 


Note:    If  you  hear  a  hum,  it  is  from  the  relay  in  the  Windshield 
Temperature  Sensing  Control  Unit  and  is  due  to  inherent  character- 
istics of  the  relay* 

16*  Set  resistance  to 
80  ohms. 


17*  Decrease  resistance  in 
one  ohm  increments 
until  Wshld  Temp  Migh 
light  comes  ON* 

18*  Increase  resistance* 


19>  Set  resistance  at 
80  ohms* 

20*  Break  resistance 

circuit.    See  Note  1. 

21.  Make  resistance 

circuit.    See  Note  2. 


Light  comes  on  at  30 
to  70  ohms  and  remains 
on  rxt  all  values  less 
than  3s.  chins. 

Light  goes  out  at  30 
to  70  ohms. 


Light  goes  out. 
Light  goes  on. 
Light  goes  out. 


Re,  ace  Windshield 
Temperature  Sensing 
Control  Unit. 

If  light  does  not 
operate  per  steps 
19,  20,  and  21  as 
specified,  remove 
dust  caps  from  R4 
and/or  R7  adjust- 
ment controls  ca 
the  control  unit. 
Adjust  R4  and/or 
R7  to  warning  light 
comes  on  at  a  resist- 
ance setting  of  172.5 
to  175.5  ohms.  Repeat 
steps  10-21.    If  test 
still  fails,  replace 
temperature  sensing 
control  unit. 

Wote  1:    Break  resistance  means  to  replace  an  open  in  the  simulated 
sensor  decade  1  circuit.    This  can  be  done  by  removing  one  lead  from 
the  decade. 


Replace  Windshield 
Temperature  Sensing 
Con    ol  Unit. 


Note  2:  This  means  to  put  the  resistance  back  in  the  circuit 
must  be  done  by  placing  the  lead(s)  back  in  the  decade. 


This 


22.  Turn  OFF  the  two  power 
switches  on  the 
simulate;!  aircraft. 
See  figure  5. 


Three  lights  go 
out  for 
28  VDC 
115  VAC 
28  VAC 


Note:    You  may  go  back  and  redo  or  stu^y  the  past  material  in  this 
workbook  at  this  time  before  you  progress.    If  you  don't  understand 
or  have  any  questions,  now  is  the  txme  to  uee  your  itm true tor. 
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See  vour  Instructor 


STORAGE  PROCEDURE 

1.  Insure  the  two  power  switches  are  OFF  on  the  simulated 
aircraft  and  the  three  red  lights  should  be  out. 

2.  Insure  the  AC  and  DC  power  cables  are  disconnected  from 
the  power  bench  outlets  in  front  of  you  and  place  the  cables  in  the 
unit's  storage  area.    See  figure  1. 

3.  Insure  the  simulated/sensor  switch  has  the  red  cover  down. 

4.  Insure  the  test  cable  with  the  abnormal  indication  panel  is 
disconnected  from  the  simulated  aircraft  and  stored  on  the  left  side 
of  UNIT-B  with  switches  to  noioial  and  with  plastic  covers  installed 
on  plugs.    See  figure  1. 

5.  Insure  the  aircraft  plug  to  the  windshield  temperature 
sensing  control  unit  is  connected.    See  figure  5. 

6.  Insure  the  red  and  black  leads  for  the  decade  are  stored* 
as  in  figure  1. 

7.  Have  your  instructor  inspect  your  work  at  this  time  before 
you  place  the  lid  on  the  unit. 


8. 

Install  lid. 

9. 

Place  UNIT-B  in  storage  cabinet. 

10. 

Insure  multimeter  and/or  decade  is  in 

its  proper 

storage. 

11. 

Clean  your  work  area  as  needed. 

12. 

Turn  in  this  complete  workbook  to  the 

instructor 

and  wait 

for  additional  instructions. 


18 

1576 


PRACTICE  EXERCISE 


This  is  your  practice  exercise  (practice  work).    You  are  required  to 
complete  at  least  the  first  three  assigned  problems.     In  addition,  you 
MAY  also  be  required  to  complete  some  or  all  of  the  additional  three 
problems.    These  additional  problems  are  only  required  if  the  instructor 
determines  you  need  additional  practice.    During  the  practice  exercise 
you  may  ask  any  question  you  wish  within  reason.    The  instructor  will 
always  reserve  the  right  on  how  or  if  to  respond  to  your  question(s). 

The  student  will  not  >  .  allowed  to  progress  on  to  the  progress 
check  unless  all  the  assigned  practice  exercises  (practice  work)  are 
completed.    The  instructor  will  determine  if  your  assigned  practice 
exercise  is  completed  and  also  when  you  are  to  progress  to  the  progress 
check. 

At  this  timp  go  back  and  reread  the  objective  in  front  cf  this  work- 
book.   If  you  »iave  any  questions  about  it,  see  your  instructor  now.  If 
you  don't  have  any  questions  with  any  of  the  past  material  and  think  you 
understand  it,  proceed  with  the  following: 

Note:    During  the  practice  exercise,  if  you  have  anything  you 
don't  understand,  inform  your  instructor,  or  if  you  have  any 
questions  during  the  exercise,  that's  the  time  to  ask. 

To  start,  place  switch  1,  on  the  Normal/abnormal  indication  box,  to  the 
Abnormal  position.    The  following  will  take  you  through  the  general  procedures 
on  how  to  perform  the  practice  exercise.    Be  sure  you  use  this  time  wisely 
because  you  must  be  ab?e  to  use  the  general  knowledge  you  gain  here  to  do 
the  progress  check  and  pass  it. 

Insure  your  preparation  is  complete  and  be  sure  your  Normal/Abnormal 
switch  remains  in  the  Abnormal  position  until  the  problem  you  have  been 
assigned  is  complete. 

For  each  Abnormal/Normal  switch  placed  to  the  Abnormal  position  you  must 
do  the  following: 

Exercise  2  -  WINDSHIELD  TEMPERATURE  SENSOR  FUNCTIONAL  TEST 

AND  AS  NEEDED 

Exercise  3  -  WINDSHIELD  TEMPERATURE  SENSING  CONTROL  UNIT  FUCNTIONAL  TEST 

Note:    Remember  it  says,  "AND  AS  NEEDED,"  above  and  that  means  since 
you  start  with  Exercise  2  for  each  switch  used  you  may  or  may  not  need 
to  do  Exercise  3  to  find  what  the  objective  requires  . 

Note:    The  reason  Exercise  1  is  not  used  at  this  time  is  because  Exercise  1 
was  used  to  familiarize  you  with  the  operation  of  the  windshield 
temperature  sensing  control  unit. 

Insure  that  you  have  switch  1  to  the  abnormal  position  and  start  Exercise 
1  on  page  11.    After  completion  of  Exercise  2  you  should  have  found  that  the 
sensor  reading  was  incorrect. 

GO  ON  TO  THE  NEXT  PAGE 
19 


ERLC 


1577 


Place  the  number  6  on  the  worksheet  on  page  21  under  the  Column, 
Record  the  Procedure  or  Step  Number,  This  is  the  step  that  something 
malfunctioned. 


Now  write  very  neatly  in  lead  pencil  the  Remedy  for  Abnormal  Indicatioi 
on  page  21  under  the  Column,  Record  Remedy  for  Abnormal  Indication. 

You  should  hav  .  written  "high  resistance  replace  windshield  tern** 
sensor ." 

This  is  what  you  must  do  to  record  the  information  required  by  the 
objective. 

Now  stop  and  have  the  instructor  initial  before  you  proceed.  The 
instructor  reserves  the  right  at  this  time  and  any  other  time  to  question 
you  about  the  material,  inform  you,  etc.    The  instructor  will  now  assign 
additional  practice  problems. 

After  you  have  done  the  two  practice  problems  on  page  21,  be  sure  you 
let  your  instructor  check  your  work. 
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PRACTICE  EXERCISE  WORKSHEET             GROUP  j 

PROBLEM 

NORMAL/ ABNORMAL 
INDICATION  SW. 
NUMBER 

RECORD  THE 
PROCEDURE  OR 
STEP  NUMBER 

RECORD  REMEDY  FOR  ABNORMAL  INDICATION 

STOP  FOF 

t  INSTRUCTOR'S  INITIALS  TO  PROCEED 

2 

3 

STOP  FOR  INSTRUCTOR'S  INITIALS 


2i  1579 


ADDITIONAL 


PRACTICE  EXERCISE  WORKSHEET  GROUP 

PROBLEM 

NORMAL/ABNORMAL 
INDICATION  SW. 
NUMBER 

RECORD  ThE 
PROCEDURE  OR 
STEP  NUMBER 

RECORD  RFMFnY  FOR  ARNORMat    T un tpatt nw 

4 

STOP  FOE 

i  INSTRUCTOR'S  INITIALS  TO  PROCEED 

5 

STOP  FOR  INSTRUCTOR'S  INITIALS  TO  PROCEED 

6 

STOP  FOR  INSTRUCTOR'S  INITIALS  TO  PROCEED 

 .   1 
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PROCRESS  CHECK 


INSTRUCTIONS 
Read  the  objective  below: 
OBJECTIVE 

Given  functional  test  procedures  for  the  windshield  temperature 
control  unit  circuitry,  a  power  bench  with  UNIT-B,  and  related  test 
equipment,  perforin  a  functional  test  and  record  the  correct  procedure 
number  and  the  remedy  for  abnormal  indication  for  2  given  problems. 

If  you  have  any  questions  about  the  objective,  see  your  instructor 
at  this  time. 

This  progress  check  will  require  you  to  correctly  record  2  step 
numbers  with  the  abnormal  indication  from  the  functional  test  which 
prevent  the  windshield  temperature  control  unit  or  windshield  temperature 
sensor  from  passing  the  functional  test.    This  should  be  accomplished 
by  using  Exercises  2  and  3  in  much  the  same  manner  as  the  practice 
exercises  (practice  problems).    The  instructor  will  check  your  work  as 
required.    If  you  miss  ANY  PART  of  either  problem  given,  you  will  fail. 
Then  follow  the  instructions  given  you  by  your  instructor. 

You  will  not  communicate  (talk,  etc.)  with  other  students  during 
the  progress  check  without  your  instructor's  permission.    You  will  not 
use  fellow  student's  work  to  solve  the  problems  in  the  progress  check. 
If  you  do  communicate  with  other  students  without  permission,  the 
instructor  may  assume  you  are  cheating  and  may  fail  you  even  though  you 
may  have  not  completed  the  work. 

You  will  not  have  in  your  possession  during  this  progress  check 
any  notes  or  other  literature  relating  to  this  lesson  without  permission 
from  your  instructor.    If  you  have  any  questions,  now  is  the  time  to  ask 
your  instructor.    After  you  start  this  progress  check  and  you  do  ask  a 
question,  your  instructor  does  not  have  to  answer  it. 

Insure  you  have  complied  with  all  safety  standards  during  the 
progress  check.    If  you  fail  to  follow  the  safety  standards,  the 
instructor  may  fail  you  on  this  progress  check  even  though  you  have 
not  finished.    Insure  you  have  a  power  bench  with  UNIT-B,  multimeter, 
aircraft  windshield  temperature  sensing  control  and  sensing  circuit. 
Do  not  start  the  progress  check  until  told  to  do  so  by  the  instructor. 

Have  your  instructor  write  the  numbers  for  the  Normal /Abnormal 
Indication  Switch  Numbers  on  page  24  of  the  progress  check  worksheet. 

If  you  don't  have  any  questions,  ask  your  instructor  to  initial 
below  for  you  to  start  your  progress  check. 
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PROGRESS  CHECK  WORKSHEET  GROUP 

PROBLEM 

NORMAL/ ABNORMAL 
INDICATION  SW. 
NUMBER 

RECORD  THE 
PROCEDURE  OR 
STEP  NUMBER 

RECORD  REMEDY  FOR  ABNORMAL  INDICATION 

1 

2 

After  completing  the  above  you  will  follow  the  instructions  below 
and  also  have  the  instructor  check  your  answers. 

Student  Will  turn  in  workbook  to  the  instructor.    The  instructor 
will  determine  what  pages  to  give  the  student. 
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LEFT 
STORAGE 
AREA 


SIMULATED  ACFT 
COCKPIT  AREA 


RIGHT 
STORAGE 
AREA 


TCST 
CABLE 


UNIT-B 


SIMULATION 
AREA 


POWER 
CABLES 
FOR  AC 
AND  DC 


MALFUNCTION 
UNIT-B 

WITH  TEST  CABLE 


RELAY 


CABLES  FOR 
DECADE  RED 
AND  BLACK 


Figure  1. 
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AIRCRAFT 
TEST  CABLE" 


A 

A 

B 

B 

C 

C 

D 

D 

E 

E 

F 

F 

-+28  VDC 
-28  VDC 


115  VAC  400  Hi  10 
 GROUND 


0, 


WINDSHIELD  TEMPERATURE 
SENSING  CONTROL  UNIT 


AIRCRAFT 
WIRING 


AIRCRAFT 

SENSOR 

WIRING 


MULTIMETER 


THE  ABOVE  WITH  TEST  CABLE 


PLUG 


A 

A 

B 

B 

C 

C 

D 

D 

E 

E 

F 

F 

J, 

P. 

AIRCRAFT 
WIRING 


AIRCRAFT 

SENSOR 

CIRCUIT 


FOR    FLIGHT   LINE  USE  ONLY 


I  I 


WITHOUT    TEST  CABLE 


Figure  2. 
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Explanation  of  Figure  3 


At  the  top  of  figure  3  you  will  find  it  states  nTEST  CABLE. " 
Note  it  is  between  the  simulated  aircraft  wiring  plug  at  "Point  A" 
and  "Point  BM  at  the  control  unit.    The  center  of  the  cablea  wiring 
goes  to  the  malfunction  UNIT-B.    Point  B  is  where  the  test  cable  P? 
female  plug  and  the  windshield  temperature  sensing  control  unit 
junction  Ji  connection.    Point  A  is  where  the  test  cable  male  plug 
(P3)  connects  to  the  aircraft  wiring  (Pi)  female  plug  which  was  removed 
from  the  control  unit  J^, 

Shown  in  the  figure  is  a  decade  and  multimeter.    The  decade  when 
attached  is  used  to  simulate  the  decade  resistance  for  test  purpose. 
The  multimeter  when  attached  is  used  only  to  measure  the  resistance  of 
the  aircraft  sensor. 

Note:  The  decade  and  multimeter  are  NOT  attached  to  the  malfunction 
UNIT-B  at  this  time. 

Because  the  multimeter  and  decade  is  used  for  the  sensor  resistive 
circuit  it  doesn't  make  any  difference  which  way  red  and  black  leads  are 
connected  to  the  yellow  or  green  contacts  on  the  malfunction  UNIT-B. 

At  the  bottom  of  the  figure  3  is  the  simulated  aircraft  wiring. 
Its  male  plug  is  connected  to  the  temperature  sensing  control  unit  as 
found  without  the  test  cable  attached.    This  ie  the  way  it  would  be 
for  normal  flight. 

The  letter  "P"  -  Means  plug  which  may  be  either  female  or  male, 
for  this  system. 

The  letter  11  J"  -  Means  junction  which  receives  the  plug  "P." 
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relate  S  out  of  1 ')  components  of  the  rain  removal  system  to  their 
operation. 


INTRODUCTION 

The  Rain  removal  system  is  one  au.  iliary  system  that  is  of  highest 
priority.  Have  you  ever  driven  without  windshield  wipers?  Needless  to  say 
you  can  understand  its  importance.  This  study  guide  is  to  acquaint  you  with 
the  system  and  the  components. 


?^7rsedes  ClABRV-H  U-SG-203,  20  March  1984. 

niMV.  "XHTC 
1)1  Sir  I WT ION:  X 
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The  purpose  of  the  rain  removal  system  is  similar  to  the  purpose  of 
the  windshield  wipers  on  an  automobile.    The  system  keeps  the  windshield 
clear  of  rain.    This  is  done  by  blowing  a  mixture  of  hot  and  partially 
cooled  air  over  the  windshield.    The  air  will  break  up  the  rain  part^les 
and  turn  them  away  from  the  windshield* 

During  this  lesson  you  will  be  studying  the  system  used  on  a  fighter 
type  aircraft.    In  the  system  the  air  for  the  rain  removal  is  discharged 
through  a  nozzle  (outlet).    The  nozzle  is  put  at  the  base  of  the  wind- 
shield.   Notice  the  rain  removal  nozzle  location  below. 
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The  air  foe  the  rain  removal  systeir  is  "tapped"  from  the  cabin 

air  ronHitioninp;  system. 

The  partially  cooled  air  is  drawn  from  the  primary  section  of  the 
refrigeration  unit  heat  exchanger.    The  hot  bleed  air  is  drawn  from  the 
unit's  hot  bleed  air  duct. 

The  dark  lines  in  the  sketch  show  the  rain  removal  system.     Note  the 


large  duct  that  carries  the  partially  cooled  air  from  the  heat  exchanger. 
The  smaller  duct  takes  the  hot  air  from  the  refrigeration  unit  hot  bleed 
air  duct. 
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Remember  the  fighter  cabin  air  conditioning  system?    Air  flow  through 
the  cabin  refrigeration  unit  is  regulated  by  zhe  bleed  air  pressure  regulator 
and  shutoff  valve.    This  valve  regulates  the  air  pressure  for  both  the 
cabin  air  conditioning  system  and  the  rain  removal  system. 

Trace  the  airflow  on  the  sketch  below.    Start  at  the  point  marked 
FROM  BLEED  AIR  SYSTEM.    Follow  the  arrows  through  the  bleed  air  pressure 
regulator  and  shutoff  valve. 

Note  the  first  tapoff,  POINT  A,  going  to  the  rain  removal  system.  This 
is  the  hot  bleed  air  tapoff* 

Continue  to  follow  the  arrows  through  the  primary  section  of  the  heat 
exchanger  and  note  the  second  tapoff,  POINT  B,  going  to  the  rain  removal 
system*    This  is  the  partially  cooled  air  tapoff. 
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The  bleed  air  pressure  regulator  sac  shutoff  valve  is  a  solenoid 
controlled,  pneumatically  (air)  actuated  valve.    This  valve  has  two 
solenoids:    The  main  3olenoid  (A)  and  a  low  pressure  rolenoid  (B).  Both 
solenoids  use  28  VDC  power 

For  normal  csbin  air  conditioning  operation,  only  the  main  solenoid 
is  energized.    This  regulates  the  pressure  of  the  air  conditioning  system 
to  62  psi.    This  will  happen  before  the  pilot  turns  the  rain  removal  system 

on. 

When  the  rain  removal  system  is  turned  on,  the  low  pressure  solenoid 
will  energize.    This  reduces  the  pressure  of  the  bleed  air  (for  both  air 
conditioning  and  rain  rem^  al) to  35-45  psi. With  the  rain  removal  system  on, 
both  the  main  solenoid  and  the  low  pressure  solenoid  will  be  energized. 

The  bleed  air  for  the  rain  removal  system  is  tapped  off  downstream 
(beyond-past)  of  the  pressure  regulator  and  shutoff  valve.    This  valve 
must  be  regulating  (open)  for  rain  removal  operation. 


The  sketch  on  this  page  is  a  simplified  schematic  of  the  rain  removal 
system.    The  bleed  air  pressure  regulator  and  shutoff  valve  and  the  heat 
exchanger  are  actually  part  of  the  cabin  refrigeration  unit.    These  are 
put  in  the  system  sketch.    They  are  also  related  to  the  rain  removal  system 
as  explained  in  the  previous  frames. 

The  rain  removal  system  consists  of  the  following  four  components; 

1.  Rain  removal  valve 

2.  Rain  removal  bypass  valve 

3.  Rain  removal  duct  drain  valve 

4.  Rain  removal  nozzle 

Notice  each  of  these  components  in  the  system  illustration  below. 


RAIN 
REMOVAL 
NOZZLE 


The  rain  removal  valve,  shown  below,  controls  the  flow  of  partially 
cooled  bleed  air  from  the  heat  exchanger  to  the  rain  removal  nozzle. 
This  is  a  butterfly  type  valve. 

When  the  rain  removal  switch  is  placed  to  the  ON  position,  28  VDC 
power  is  directed  to  the  rain  removal  valve  motor.    The  valve  then  moves 
to  the  open  position.    This  allows  the  partially  cooled  bleed  air  to 
flow  through  the  valve  and  on  to  the  nozzle. 

NOTE:    1.    The  motor  actuates  the  valve 

2.  Opening  of  the  rain  removal  valve  is  controlled  by  the 
rain  removal  switch 

3.  Closing  of  the  rain  removal  valve  is  controlled  by  the 
rain  removal  bypass  valve  limit  switch 


RAIN 
REMOVAL 
NOZZLE 
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The  rain  removal  bypass  valve,  shown  below,  controls  the  hot  bleed 
air  going  to  the  rain  removal  nozzle  from  the  hot  bleed  air  duct.  This 
is  a  butterfly  type  valve. 


When  the  rain  removal  switch  is  placed  to  the  ON  position,  28  VDC 
power  is  directed  to  the  rain  removal  valve  motor.    After  this  valve  is 
fully  open,  a  limit  switch  inside  moves,  opening  the  circuit  within  the 
motor.    Then  the  28  VDC  power  is  directed  to  the  rain  removal  bypass 
valve  motor.    The  bypass  valve  then  moves  to  the  open  position,  allowing 
hot  bleed  air  to  flow  to  the  mixing  point.    At  this  point,  hot  bleed  air 
is  mixed  with  the  partially  cooled  air.    The  bypass  valve  increases  the 
volume  and  temperature  of  the  rain  removal  air. 

NOTE:    1.    The  Tiotor  actuates  the  valve. 

2.  Opening  of  the  rain  removal  bypass  valve  is  controlled 
by  the  limit  9witch  in  the  rain  removal  valve. 

3.  Closing  of  the  rain  removal  bypass  valve  is  controlled 
by  the  rain  removal  switch. 


RAIN 
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When  the  rain  removal  system       OgF,  the  rain  removal  duct  drain 
valve  is  held  open       a  spring.    This  allows  the  drain  valve  to  dr&in 
water  which  accumu.       J  while  the  aircraft  was  on  the  ground  during 
periods  of  precipit*  ,.ion.    The  drain  valve  prevents  water  from  being 
sprayed  over  the  windshield  when  the  rain  removal  system  is  turned  on* 

When  the  ra/.n  removal  system  is  turned  ON,  air  flowing  through 
the  rain  removal  ducts  forces  the  rain  removal  duct  drain  valve  to  close. 
This  also  prevents  a  loss  of  air  when  the  system  is  ON. 


1 

WATER 
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The  illustration  below  shows  the  complete  airflow  system  with  the  rain 
removal  switch  in  the  ON  position.  A  schematic  of  the  electrical  circuitry 
is    lso  shown. 


Trace  the  path  for  electrical  current  flow  when  the  system  is  turned 
ON.    Current  flows  from  the  circuit  breaker,  through  the  rain  removal 
switch.    From  the  switch  current  then  flows  to  the  low  pressure  solenoid 
on  to  the  bleed  air  pressure  regulator  and  shutoff  valve.    This  reduces 
the  air  pressure  going  to  the  air  conditioning  system. 

Current  is  also  directed  to  the  open  winding  of  the  rain  removal 
valve  motor.    This  operates  the  rain  removal  valve  to  che  open  position. 
When  the  valve  reaches  full  open,  it  moves  a  limit  switch  to  stop  current 
flow  to  the  rain  removal  valve  motor  windings.    This  limit  switch  then 
directs  the  current  flow  to  the  rain  removal  bypass  valve  taotor.  Current 
then  flows  through  the  open  windings  of  the  rrln  removal  bypass  valve 
motor,  opening  the  valve.    When  the  rain  removal  bypass  valve  reaches 
the  full  open  position,  it  moves  a  limit  switch  to  stop  current  flow  to 
the  rain  removal  bypass  valve  motor  open  windings    which  prevent  the 
valve  from  over  travel. 

RAIN 
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Since  the  rain  removal  valve  opens  first,  the  partially  cooled  air 
will  reach  the  rain  removal  nozzles  first.    Then  the  rain  removal  bypass 
valve  will  open  allowing  the  hot  bleed  air  to  mix  with  the  partially 
cooled  air  and  flow  on  to  the  nozzles.    The  rain  removal  valves  are 
sequenced  this  way  to  prevent  a  rapid  temperature  increase  of  the  wind- 
shield, which  could  damage  or  distort  the  windshield. 

The  illustration  below  shows  the  complete  airflow  system  "ith  the  rain 
removal  switch  in  the  OFF  position.    A  schematic  of  the  electrical  circuitry 
is  also  shown. 

With  the  switch  in  the  OFF  position,  the  circuit  J^jJ0 
the  rain  removal  valve  and  the  low  pressure  solenoid.    This  ^energizes 
the  low  pressure  solenoid  and  allows  the  pressure  regulator  and  shutoff 
valve  to  regulate  pressure  at  62  psi,  for  normal  air  conditioning. 

Trace  the  path  for  electrical  current  flow  when  the  system  is  turned 
OFF.    Current  flows  from  the  circuit  breaker,  to  the  rain  removal  switch. 
From  the  switch  current  tlxen  flows  to  the  close  windings  of  the  rain 
removal  bypass  valve  motor,  closing  the  valve. 

RAIN 
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When  the  valve  reaches  full  closed,  it  moves  a  limit  switch  to  stop 
current  flow  to  th«  rain  removal  bypass  valve  motor  windings.    This  limit 
switch  then  directs  the  current  flow  to  the  rain  removal  valve  motor. 
Current  then  flows  through  the  close  windings  of  the  rain  removal  valve, 
closing  the  valve.    When  th':  rain  removal  valve  reaches  the  full  close 
position,  it  moves  a  limit  switch  to  stop  current  flow  to  the  rain  removal 
valve  motor  close  windings,  which  prevents  the  valve  from  over  travel. 


The  rain  removal  system  does  not  have  a  way  to  control  the  air  tempera- 
ture automatically.    So  should  an  overheat  condition  occur,  the  pilot  must 
turn  the  rain  removal  system  off  to  rea    -  the  temperature. 

There  is  a  system  to  warn  the  pilot  when  the  windshield  temperature 
reaches  260  F  or  above,  where  it  could  damage  the  windshield  panel.  This 
is  the  windshield  temperature  overheat  warning  circuit. 

The  windshield  temperature  overheat  warning  circuit  consists  of  the 
following  components: 

1.  Windshield  Temperature  Sensing  Control  Unit 

2.  Windshield  Temperature  (the  warning  light) 

3.  Windshield  Temperature  fansor 

Locate  th'jse  components  in  the  illustration  shown  below. 


SENSING  rrXTftfJi  ijNiT 


WARNING  LIGHT 
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The  windshield  temperature  sensing  element  (also  called  the  wind- 
shield temperature  sensor)  is  mounted  on  the  lower  part  of  the  windshield. 
The  sensing  element  completes  one  leg  of  the  temperature  control  unit 
circuitry. 

The  temperature  sensing  element  has  a  positive  coefficient  of 
resistance.    As  the  temperature  increases,  the  resistance  of  the  sensing 
element  also  increases.    When  the  windshield  temperature  reaches  260°F, 
the  increase  in  sensor  resistance  creites  an  unbalanced  condition  in  the 
control  unit  and  causes  the  WINDSHIELD  TEMP  HIGH  warning  light  to  come  on. 

The  sketch  shows  the  windshield  temperature  sensor.    Also  shown  is 
the  relationship  of  the  sensor  to  the  other  units  in  the  windshield 
temperature  sensing  circuit. 


Sf NjiNG  CONTROL  unit  *'N0SMifLD 
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The  windshield  temperature  sensing  control  unit,  shown  btlow, 
contains  a  magnetic  amplifier,  and  a  relay.    The  magnetic  amplifier 
requires  115  VAC  to  operate  and  allow  current  to  flow  through  the  relay 
coil,  energizing  the  relay.    This  keeps  the  relay  contact  open  and  the 
WINDSHIELD  TEMP  HIGH  warning  light  off. 

If  there  is  a  115  VAC  power  loss  to  pin  C  of  the  windshield  temp- 
erature sensing  control  unit  (due  to  an  open  wire  o*.  pulled  circuit 
breaker)  the  relay  will  deenergize.    This  closes  the  relay  contacts, 
completing  the  warning  light  circuit  and  turning  ON  the  WINDSHIELD  TEMP 
HIGH  warning  light. 

Should  the  windshield  temperature  reach  260°F  or  more,  the  signal 
from  the  sensor  will  stop  the  magnetic  amplifier  from  energizing  the 
relay.    This  closes  the  relay  contacts,  completing  the  warning  light 
circuit  and  turning  on  the  WINDSHIELD  TEMP  HIGH  warning  light. 


L   .  J 
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When  the  windshield  temperature  reiches  260°F,  the  WINDSHIELD 
TEMP  HIGH  warning  light,  comes  on  to  warn  the  pilot  of  an  overheat 
condition.    When  this  happens,  the  pilot  must  turn  off  the  rain  removal 
system. 

There  is  NO  means  for  automatically  controlling  the  rain  removal 
temperature.    The  pilot  must  control  the  temperature  manually.  The 
windshield  temperature  warning  system  tells  the  pilot  if  the  wind- 
shield temperature  is  too  hot. 

The  sketch  below  shogs  the  circuit  with  the  warning  light  on 
(temperature  is  above  260  F).    Notice  the  path  of  current  flow  from 
the  warning  light  power  circuit  breaker  to  the  light. 

When  the  windshield  temperature  drops  below  260°F,  the  windshield 
temperature  sensing  control  unit  will  energize  the  relay,  stopping 
current  flow  to  the  warning  light. 
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A  warning  light  system  is  of  no  value  unless  we  are  sure  it  will  work 
properly.    The  pilot  can  test  the  warning  light  system  before  each  flight 
by  using  a  warning  light  test  switch. 

The  sketch  below  shows  the  warning  light  test  circuit  used  to  test 
the  WINDSHIELD  TEMP  HIGH  warning  light. 

When  the  warning  light  test  switch  is  held  in  the  test  position, 
current  can  flow  from  the  warning  light  control  circuit  breaker  through 
the  test  switch  and  on  to  the  warning  light  control  unit.    This  energizes 
a  relay  in  the  control  unit.    With  the  relay  energized,  current  flows 
from  the  warning  light  power  circuit  breaker,  through  the  relay  contacts 
and  on  to  the  light. 

By  holding  the  warning  light  test  switch  to  the  test  position,  the 
pilot  knows  power  is  available  and  the  bulb  is  working  properly  if  the 
warning  light  comes  on.    If  the  light  does  not  come  on,  it  indicates  a 
burned  out  light  bulb,  or  a  loss  of  14/28  VAC  power. 

The  warning  light  test  switch  illustrated,  shows  testing  of  only  one 
light.    On  the  actual  aircraft,  this  switch  will  test  several  warning 
light  systems. 
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The  rain  removal  systems,  utilizing  bleed  air  from  the  cabin  air  condition- 
ing system,  keeps  the  windshield  clear  when  flying  in  rain  by  blowing  hot  air 
over  the  windshield.    This  breaks  up  particles  and  diverts  them  over  the  glass. 

When  the  pilot  rans  into  rain  he  has  to  turn  on  the  rain  removal  switch. 
This  will  energize  the  low  pressure  solenoid,  and  open  the  raiu  removal  valve 
and  the  rain  removal  bypass  valve.    The  rain  removal  bypass  valve  supplies  hot 
bleed  air  to  the  rain  removal  nozzle.    This  mixture  of  partially  cooled  and  hot 
bleed  air  goes  over  the  windshield  to  keep  the  rain  off  the  windshield.     If  the 
temperature  on  the  windshield  sensor  reaches  260°F  or  above,  the  relay  inside 
the  windshield  temperature  sensing  control  un^t  will  deenereize  and  turn  on 
the  WINDSHIELD  TEMP  HIGH  warning  light.    When  the  litfit  comes  on,  thTTil^t 
will  have  to  manually  turn  off  the  vain  removal  system  to  prevent  damage  of 
the  windshield.    When  the  rain  removal  switch  is  placed  to  the  OFF  position, 
the  rain  removal  bypass  valve  will  close  first,  and  then  the  rain  removal  valve 
will  close.    Once  the  valves  are  closed  and  the  temperature  drops  below  260°F, 
the  relay  will  energize  and  turn  the  light  off.    When  the  light  has  gone  off, 
the  pilot  can  turn  the  rain  removal  switch  back  to  the  ON  position  if  need  be. 
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Coizplete  the  following  statements* 


1. 

20 
3. 
h. 
5o 
6Q 
7. 
8. 

9o 
10, 


The  purpose  of  the  rain  removal  system  is  to  keep  the    clear  of 

rain. 

The  rain  removal  system  blo*;s  a  mixture  of   and  

bleed  air  over  the  windshield. 

Wher  the  rain  removal  system  is  on,  the  pressure  to  the  air  conditioning  system 
  (  reduced  /  increased) 

When  the  rain  removal  system  is  on,  the  low  pressure  solenoid  is  (energized/ 
deenergized) 

The  rain  removal  valve  and  rain  removal  bypass  valve  axe  actuated  by  a 


The  hot  bleed  air  going  to  the  rain  removal  nozzle  is  controlled  by  the 
 valve. 

The  partially  cooled  b"iepd  air  going  to  the  rain  removal  nozzle  is  controlled  by 
the  valve. 

  and  closed  by 


The  rain  removal  duct  drain  valve  is  opened  by  a 


coefficient 


The  windshield  temperature  sensing  element  has  a  

of  res: stance o 

The  purpose  of  the  windshield  temperature  overheat  warning  system  is  to  warn  the 
pilot  when  the  windshield  temperature  is  above   • 

Match  the  units  listed  in  column  nB"  with  the  statements  given  in 
column  ,fA!f  by  placing  the  letter  from  column  MB"  in  the  blanks  provided. 
COLUMN  A 
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1.  Allows  the  water  to  drain  out 
when  the  system  is  off. 

2.  Senses  the  temperature  of  the 
windshield. 

Controls  the  flow  of  partially 
cooled  air  from  the  heat 
exchanger, 

4.  Contains  a  magnetic  amplifier 
and  a  relay  which  turns  on  the 
warning  light 

5.  Controls  the  hot  bleed  air 
going  to  the  rain  removal 
nozzle. 

6.  Used  to  reduce  the  pressure 
of  the  bleed  air  for  both  air 
conditioning  and  rain  removal 
to  40  psi, 

7.  Warns  the  pilot  that  the  wind- 
shield temperature  is  too  high, 

8.  Is  an  air  actuated,  solenoid 
controlled  valve. 

9.  This  valve  is  held  open  by  a 
spring,  and  closed  by  air     i  o  +  H 
pressure.  li  O  I  ± 


COLUMN  B 

A.  Rain  removal  bypass  valve 

B.  ^.ow  pressure  solenoid 

C.  Windshield  temperature 
sensing  control  unit 

D.  Rain  removal  duct  drain 
valve 

E.  Windshield  temperature 
sensor 

F.  Pressure  regulator  and 
shutoff  valve 

G.  Rain  removil  valve 

H.  Windshield  Temp  High 
warning  light 
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RAIN  REMOVAL  SYSTEM  WIRING  DIAGRAM 


OBJECTIVE 

Using  an  electrical  diagram,  identify  and  record  the  causes  for 
given  discrepaacies  achieving  a  minimum  of  32  out  of  40  total  points. 

EQUIPMENT 

Color  pencil  sets 
INSTRUCTIONS 

Pay  close  attention  to  all  directions  that  you  are  given  in  this  text. 
When  you  do  such  things  as  tracing  or  answering  questions,  if  your  response 
is  incorrect  and/or  you  don't  understand,  restudy  the  information  and/or  check 
with  the  instructor.    At  the  end  of  this  workbook,  you  will  first  be  given 
a  performance  exercise  (practice  problems) .    After  the  workbook  is  complete 
with  the  assigned  practice  problems  and  the  instructor  determines  you  are 
ready  for  the  performance  rest,  it  will  be  assigned. 

In  this  diagram  you  will  be  tracing  voltage  from  the  circuit  breakers 
to  the  component's  ground.    This  is  the  easiest  way  to  understand  the  wiring 
diagram. 


Note:    took  at  the  rain  removal  switch  on  diagram  1.    P/J204  and  J/P204 
are  written  on  it  to  identify  the  plug  (P)  and  jack  (J) .    On  this 
diagram  if  the  P  of  the  P/J204  is  on  your  left  this  means  the  plug 
is  on  the  left  and  the  jack  is  on  the  right.    If  the  J  of  the  J/P204 
is  on  your  left  this  means  the  jack  is  on  the  left. 

E^auiple:    In  your  home,  the  electrical  outlet  in  the  wall  should  be 
called  the  jack  (J).    The  item  on  your  desk  lamp  cord  should  be  called 
the  (P)  plug  which  yoj  connect  to  the  (J)  jack  in  the  wall. 


OPR:  3370  TCHTG 
DISTRIBUTION:  X 

3370  TCHTG/TTGU-F  -  300;  DAV  -  1 


EXAMPLE: 
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EXERCISE  1  -  POWER  CIRCUIT 


EXPLANATION  -  Control  circuit  (bleed  air  pressure  regulator  and  shutoff 
valve  at  62  psi) .    Closing  the  CKPT  HEAT  AND  VENT  circuit  breaker  will  place 
a  positive  potential  on  the  single  pole  of  the  emergency  vent  control  knob 
switch. 

DRAW  IN  RED  -  With  the  red  pencil,  start  coloring  at  the  circuit 
breaker  through  pin  F  of  J/P  315B,  aver  wire  H71A20,  and  up  to  the  single 
pole  of  the  emergency  vent  control  knob  switch.    The  voltage  will  stop  here 
because  the  emergency  vent  knob  is  pulled  out. 

EXPLANATION  -  Regulator  circuit  (62  psi).    To  turn  on  the  bleed  air 
pressure  regulator  and  shutoff  valve  for  62  psi,  the  armature  for  the 
emergency  vent  control  knob  switch  must  be  pushed  in.    This  will  energize 
the  bleed  air  pressure  regulator  and  shutoff  valve  solenoid  allowing  the 
system  to  regulate  air  pressure  at  62  psi. 

DRAW  IN  BLUE  -  Draw  the  emergency  vent  knob  contact  to  the  up  position, 
continue  tracing  over  wire  H71B20  to  point  A  of  P/J  317At  up  to  the  pressure 
regulator  and  shutoff  valve  solenoid  and  back  to  point  C  of  P/J  417A.  From 
point  C  trace  across  ground  wire  H34A20N.    The  bleed  air  pressure  regulator 
and  shutoff  valve  solenoid  is  now  energized  and  the  system  will  receive  bleed 
air  regulated  at  62  psi,  when  bleed  air  is  applied  to  the  system. 

EXERCISE  2  -  POWER  CIRCUIT 

EXPLANATION  -  Power  to  the  rain  removal  switch.    Closing  the  rain  removal 
28VDC  circuit  breaker  will  place  a  positive  potential  on  the  single  pole  of 
the  rain  removal  switch. 

DRAW  IN  RED  -  Start  at  the  28VDC  rain  removal  circuit  breaker  and  trace 
to  point  E  on  J/P  315B,  then  across  wire  H6A20  to  point  D  of  P/J  204  and  to 
the  rain  removal  switch. 

EXPLANATION  -  Rain  removal  system  turned  on.    To  turn  on  the  rain  removal 
system,  the  armature  of  the  rain  removal  switch  must  be  in  the  ON  position. 
In  this  position  a  positive  potential  is  placed  to  the  low  pressure  solenoid 
and  the  rain  removal  valve.    After  the  rain  removal  valve  is  completely  open, 
the  positive  potential  will  then  be  directed  to  the  rain  removal  bypass  valve. 
With  the  low  pressure  solenoid  energized  and  both  valves  open  the  rain 
removal  system  will  be  operating,  when  bleed  air  is  applied  to  the  system. 

DRAW  IN  BROWN  -  Draw  the  armature  of  the  rain  removal  switch  to  the  on 
position  and  coi»inue  on  through  pin  E  of  J/P  204,  and  to  the  junction  point. 
At  this  point  voltage  will  go  two  vays.    First,  trace  across  wire  H8B20  to 
point  A  on  P/J  417B  through  the  low  pressure  solenoid  and  to  point  B  then 
continue  out  ground  wire  H34A20N.    This  circuit  will  energize  the  low  pressure 
solenoid  and  drop  bleed  air  pressure  from  62  psi  to  40  psi.    Now  continue 
from  the  junction  point.    Trace  from  the  junction  point  to  point  A  on  P/J  105. 
Continue  tracing  from  point  A  across  the  open  motor  winding  to  point  E  on 
J/P  105  out  ground  wire  H9A20N.    This  will  allow  the  rain  removal  valve  to 
open  allowing  partially  cooled  bleed  air  into  the  system. 
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Part  2  -  Opening  of  the  Rain  Removal  Bypass  Valve 

EXPLANATION  -  Only  after  the  rain  removal  valve  has  reached  the  full 
open  position  will  the  following  occur.    After  the  rain  removal  has  reached 
its  full  open  position,  the  open  limit  switch  armature  of  the  rain  removal 
valve  will  move  to  the  opposite  position.    This  closes  the  circuit  between 
pins  A  and  C  of  P/J  105.    This  armature  movement  cuts  off  power  to  the 
open  winding,  and  closes  the  circuit  to  the  closed  motor  winding.  The 
limit  switches  in  each  valve  are  mechanically  linked,  when  one  switch  moves 
the  other  switch  in  that  valve  will  also  move  to  the  same  position.  Since 
the  limit  switch  moved  to  the  up  position,  voltage  can  now  continue  to  the 
rain  removal  bypass  valve.    Remember  this  is  only  after  the  rain  removal 
valve  is  completely  open.    Once  voltage  is  established  through  the  open 
winding  of  the  rain  removal  bypass  valve,  it  opens.    Then  the  limit  switches 
of  the  rain  removal  bypass  valve  will  move  to  the  opposite  position. 

DRAW  IN  ORANGE  -  To  show  that  the  rain  removal  valve  is  completely 
open,  draw  both  of  its  limit  switch  armatures  up.    Starting  at  the  rain 
removal  valve  single  pole  open  limit  switch,  draw  over  the  armature  through 
pin  C  of  P/J  105,  over  H16A20,  through  pin  A  of  P/J  104  to  the  single  pole 
of  the  open  limit  switch  on  the  rain  removal  bypass  valve.    Continue  tracing 
across  the  open  motor  windings  to  point  C  of  J/P  104  out  ground  wire  H18A20N, 
This  completes  the  circuit  and  will  allow  the  rain  removal  bypass  valve  to 
open.    After  the  valve  opens,  its  limit  switches  will  move  to  the  opposite 
position.    After  both  rain  removal  valves  are  open,  air  will  be  applied  to 
the  windshield. 

EXERCISE  3  -  AIR  FLOW  THROUGH  THE  SYSTOi 

EXPLANATION  -  Air  Flow  -  Rain  Removal  Switch  ON 

After  both  valves  are  open,  air  for  rain  removal  will  be  applied  to  the 
center  windshield.    This  air  comes  through  the  bleed  air  pressure  regulator 
and  shutoff  valve  *nd  then  divides  into  two  routes.    One  route  goes  through 
the  primary  heat  exchanger,  through  the  rain  removal  valve,  rain  removal 
nozzle,  on  over  tb"  windshield  temperature  sensing  element  and  then  over  the 
center  windshield.    The  other  path  is  a  bypass  of  the  primary  heat  exchanger. 
This  air  is  at  a  higher  temperature  and  goes  through  the  rain  removfi  bypass 
valve,  rain  removal  nozzle  on  over  the  center  windshield  temperature  sensing 
element  and  over  the  center  windshield.    As  shown,  the  two  air  paths  mix 
together  by  the  nozzle  to  o*ss  over  the  - 'ndshield  and  the  air  should  not 
exceed  260°F. 

DRAV  IN  ORANGE  -  Hot  bleei  air 

In  oranfe^  draw  a  solid  line  for  air  flow  starting  where  it  says  "from 
bleed  air  system"  through  the  bleed  air  pressure  regulator  and  shutoff  valve 
IT  '  TO  but  NOT  thr'ugh  the  primary  heat  exchanger. 

DR/V  IN  DARK  GREEN  -  Partially  cold  air 

To  show  a  drop  in  temperature  after  'on  right  side)  the  primary  heat 
exchanger,  use  the  dark  green  pencil  to      aw  through  the  rain  removal  valve 
(butterfly  symbol)  on  through  the  rain  removal  nozzle  and  over  the  wind- 
shield temperature  sensing  element  and  center  windshield.    This  is  partially 
cold  bleed  air. 
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DRAW  IN  ORANGE  -  Hot  bleed  air  (bypass) 

The  ether  path  will  be  HOr  bleed  air  drawn  in  orange  starting  at 
the  point  between  the  regulator  and  heat  exchanger.    From  this  point,  draw 
down  through  the  rain  removal  bypass  valve  (butterfly  symbol),  through  the 
rain  removal  nozzle  mixing  with  the  other  path  then  over  the  windshield 
temperature  sensing  element  and  center  windshield.    This  air  leaving  the 
nozzle  is  mixed  and  should  not  be  over  260°F. 

Note:    Once  the  rain  removal  valve  is  open  the  rain  removal  drain 
valves  closes  from  the  air  pressure  placed  on  it. 

EXERCISE  4  -  WINDSHIELD  OVERHEAT  WARNING  CIRCUIT 

Part  1  -  Power 

EXPLANATION  -  Power  113VAC 

After  the  115V AC  windshield  temperature  sensing  circuit  breaker  is 
pushed  in,  a  positive  potential  is  placed  on  the  MAG.    This  power  is  used  *y 
the  MAG  and  changes  it  to  a  desirable  voltage  for  the  sensor  circuit  and 
its  relay  coil.    The  voltage  for  the  sensor  circuit  and  relay  coil  is  NOT 
to  be  measured  and  is  NOT  available.    The  relay,  like  the  MAG,  is  inside 
a  sealed  container,  the  windshield  temperature  sensing  control  unit.  But, 
if  a  measurement  of  its  circuit  is  needed,  it  must  be  isolated  end  the 
circuit  resistance  must  be  measured. 

DRAW  IN  RED 

With  a  red  pencil  starting  at  the  115VAC  windshield  temperature  senring 
circuit  breaker,  draw  through  pin  H  of  J/P315B  over  H56A20,  through  pin  C 
of  P/J201,  through  the  MAG,  to  point  D  on  J/P201  and  out  ground  wire 
H55A20N.    This  suppxies  power  to  the  MAG. 

EXPLANATION  -  Power  14/28VAC 

After  the  14/28VAC  warning  light  power  circuit  breaker  is  pushed  in, 
a  positive  potential  is  placed  on  the  single  pole  of  the  relay  in  the 
windshield  temperature  sensing  control  unit  and  on  the  normally  open  throw 
cf  warning  light  test  relay. 

DRAW  IN  RED 

With  a  red  pencil  starting  at  the  14/28VAC  warning  light  power  circuit 
breaker,  draw  through  pin  A  of  J/P315B,  over  H188A20,  through  AC19  over 
H188C20,  through  pin  B  of  P/J201  up  to  the  single  pole  of  the  relay  in  the 
windshield  temperature  sensing  control  unit.    Going  back  a  ad  starting  at 
AC19,  draw  over  H188B20  through  pin  P  of  P/J207B  up  to  the  normally  open 
throw  of  the  warning  light  test  relay. 

Note:    The  voltage  in  the  warning  light  circuit  is  AC  power 
(14/28VAC)  and  NOT  DC  power  (28VDC) . 
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Part  2  -  Under  2fO*F  (light  out) 

EXPLANATION  -  As  the  temperature  of  the  air  passing  over  the  windshield 
temperature  sensing  element  (sensor)  chacop~    *he  re*i3tance  of  the  sensor 
will  change.    Air  less  than  260°F  cause     i         ^or  to  reach  a  resistance 
which  creates  a  condition  in  the  windsh    i<*  rature  sensing  circuit  and 

control  unit,  causing  its  relay  to  be  enei0 ^ica.    This  relay  receives  power 
from  the  MAG's  transistor  only  when  the  MAG  and  ser.sor  circuit  allows  it. 
With  th'  re  \y  energized  the  windshield  temperature  high  lifeht  will  be  out. 
This  te..ls  the  pilot  a  safe  air  temperature  is  passing  over  the  windshield. 

DRAW  IN  VIOLET 

Tliis  color  indicates  the  current  flow  to  and  from  the  MAG  through  the 
sensor  is  such  that  the  MAG  has  energized  the  relay.    This  results  in  the 
windshield  temp  high  light  staying  out.    Draw  *u  violet  *rom  the  MAG  through 
the  sensor  and  back  to  the  MAG  in  eithe-  Vrectior.    Then  trace  from  the 
MAG,  through  the  relay  to  point  D  on  J/P2vl  and  out  ground  wire  H55A20N. 
This  circuit  'all  «n*rglz£  the  relay  keeping  the  warning  light  off. 

Note:    The  sensor's  wires  are  for  turning  the  light  on  or  off. 
One  of  the  wires  is  not  just  for  turning  the  light  on  or  off. 

Note:    Remember  the  relay  uses  H5SA20N  only  unuer  260°F  when  it 
is  energized. 

Pa. v  3  -  Test  Circuit 

EXPLANATION  -  Power  Circuit 

With  the  28VDC  warning  light  conttol  circuit  breaker  set,  power  will 
be  applied  to  the  warning  light  test  switch. 

DRAW  IN  RED 

Trace  from  the  28VDC  warning  Hght  control  tircuit  breaker  to  point  C 
on  J/P  315B,  continue  across  wire    \QA20  to  the  warning  light  test  switch. 

EXPLANATION  -  Warning  light  t*.  c  relay  energized,  warning  lig.it  on. 
When  the  warning  light  test  switch  is  placed  *o  test,  power  is  directed  to 
the  warning  light  test  relay.    This  will  energize  the  relay  puliin*  the 
armature  down.    This  will  allow  14/28VAC  to  continue  to  the  wind*-ield  temp 
warning  light  turning  it  on. 

DRAW  IN  DARK  GREEN 

Dn  m  the  warning  light  test  switch  to  the  test  position.  Continue 
tracing  across  wire  L.0A20  to  junction  FC1,  Across  wire  L50B20  to  point  B 
on  P/J207B.    Trace  through  the  relay  to  point  A  on  P/J207B  and  out  ground 
wire  LB2A20N.    This  will  energize  the  relay  pulling  the  contact  down. 
Continue  with  t\c  dark  green  pencil.    Draw  the  warning  light  test  relay 
contact  down,  continue  to  point   >  on  J/P207P  across  wire  H60A20  to  junction 
AC20.    Prom  junction  AC20,  conti  lue  across  wire  H60C20  through  point  C  on 
52P/J265,  through  the  light  to  ground.    The  warning  light  will  come  on 
tell*  g  tiie  pilot  the  light  is  good. 
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Note;    .ifter  the  spring  loaded  test  switch  is  released  the  test  light 
will  »  ^energize  and  the  windshield  temp  high  light  will  go  out. 

Part  4  -  Over  260°F  (overheat  light  on) 

EXP    NATION  -  As  the  temperature  of  the  air  passing  over  the  windshield 
temperacure  sensing  element  (sensor)  changes,  the  resistance  of  the  sensor 
will  change.    Air  OVER  260*F  causes  the  sensor  to  reach  a  resistance  which 
creates  a  condition  in  the  windshield  temperature  sensing  control  uait  causin 
the  relay  to  deenergize.    The  relay  coil  will  not  receive  power  from  the  MAG1 
transistor  when  the  sensor  circuit  resistance  is  such  that  it  is  causing  the 
MAG  transistor  to  cut  power  to  the  relay.    With  the  relay  deenergized,  the 
windshield  temperature  high  light  will  be  on.    This  tells  the  pilot  an  unsa*? 
air  temperature  is  passing  over  the  windshield.    At  this  time    the  pilot 
mrst  place  the  rain  removal  switch  to  OFF! 

DRAW  IN  YELLOW 

This  color  reflects  the  current  flow  to  and  from  the  MAG  through  the 
sensor  is  such  that  the  VLJG  has  allowed  the  relay  to  deenergize.  This 
results  in  the  windshield  temperature  high  light  to  come  on.    Draw  in 
yellow  from  the  MAG  through  the  sensor  and  back  to  the  M/L,    DO  NOT  draw 
in  yellow  the  wire  from  the  MAG  to  relay  because  the  relay  will  not  receive 
power.    The  relay  must  be  deenergized  for  temperatures  over  260°F  to  turn 
on  the  windshield  temperature  high  lamp. 

With  an  overheat  at  the  windshield  temperature  sensor,  the  resistance 
11  increase  to  the  point  (over  260  degrees)  where  the  MAG  will  cause  the 
relay  to  deenergize.    This  causes  the  armature  to  fall  and  complete  the 
circuit  to  the  light. 

Note:    H55A20N  is  the  AC  ground  for  the  AC  power. 

Pin  B  and  A  of  P/J201  are  for  AC  power  (low  voltage  1A/28VAC)  and 
NOT  DC  power  28VDC. 

The  windshield  temperature  high  lamp  uses  AC  power  14/28VAC. 
DRAW  IN  YELLOW 

In  yellow  draw  the  relay  armature  close  connecting  B  to  A  cf  P/J201. 
Draw  in  yellow,  starting  at  the  single  pole  of  the  relay  through  pin  A  of 
J/P201  over  H60B20  through  AC20,  over  H60C20  up  to  pin  C  of  52P/J265, 
through  the  light  and  out  ground.    Beside  the  wiudshie.^  temperature  high 
light  write  in  yellow,  "light  on  over  260CF." 

Note:     It's  AC  and  NOT  DC  power  that  turn  or  the  light. 
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EXERCISE  5  -  RAIN  REMOVAL  VALVES  CONTROL  CIRCUIT  (CLOSE/OFF) 

Part  1  -  Low  pressure  solenoid  deenerglzed  and  rain  removal  bypass 
vilve  close. 

EXPLANATION  -  Rain  Removal  System  OFF 

If  the  rain  removal  air  over  the  center  windshield  Is  aot  wanted, 
both  rain  removal  valves  must  be  closed.    The  pilot  closes  them  by  placing 
the  rain  removal  switch  zo  the  OFF  position.    In  tMs  position,  the  positive 
potential  Is  removed  from  pin  A  of  P/J417B  deenergizlng  the  low  pressure 
solenoid.    This  allows  the  regulator  to  again  regulate  at  C2  psl  for  air 
conditioning  with  the  high  pressure  solenoid  energized.    Also  In  this 
position  a  positive  potential  Is  applied  to  pin  B  of  the  rain  removal  bypass 
valve.    After  this  valve  closes  completely,  a  positive  potential  will  be 
placed  on  pin  B  of  the  rain  removal  valve  for  It  to  close. 

Note:    The  rain  removal  bypass  valve  closed  first  to  make  a  reduction 
In  temperature  and  _»en  the  rain  removal  valve  will  mak^  the  final 
cutoff  of  air  to  the  windshield.    With  both  rain  remova  valves 
closed  the  rain  removal  drain  valve  will  ofn  the  spring  Inside  It. 

DRAW  IN  BLACK 

The  rain  removal  bypass  valve  Is  open  and  the  limit  switches  inside 
It  wil1  be  found  In  the  down  position.    In  this  position  power  was  cut  off 
through  the  open  windings  earlier.    This  will  allow  electron  flow  through 
the  close  windings  to  let  the  valve  close.    Insure  the  limit  switch  armatures 
are  In  the  down  position  by  drawing  them  this  way  with  a  light  green  pencil. 

Draw  In  light  green  the  armature  of  the  rain  removal  switch  to  the  OFF 
position  and  continue  on  through  pin  F  of  T/P204  over  H7A20  through  pin  B 
up  to  the  single  pole  of  the  close  limit  switch  In  the  rain  removal  bypass 
valve.    Continue  through  the  close  motor  windings  to  pin  C  of  J/P104  and 
out  ground  wire  18A20N. 

Part  2  -  Rf.ln  Removal  Valve  Close 

EXPLANATION  -  Rain  Removal  System  OFJ?  (Cont'd) 

AFTER  the  rain  removal  bypass  valve  has  closed,  reaching  Its  full  close 
position,  the  close  limit  switch  armature  will  close  the  electrical  path 
between  pin  B  and  D  of  P/J104.    The  open  limit  switch  armature  will  be  in 
a  position  to  connect  pin  A  of  P/J105  to  the  open  winding.    Power  from  the 
rail,  removal  bypass  valve  will  then  continue  to  the  rain  removal  valve, 
clot    *  It.    This  will  then  shut  off  all  airflow  across  the  windshield. 

DRAW  IN  BLACK 

Insure  the  limit  switch  armatures  in  the  rain  removal  valve  are  drawn 
in  the  UP  position  indicating  the  valve  Is  open.    With  the  rain  removal 
by,ass  valve  completely  closed,  draw  with  the  black  pencil  both  limit 
switches  armature  up.    Starting  at  the  single  pole  of  the  close  limit  switch, 
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draw  in  black  over  the  armature  through  pin  D  of  P/J1P',  over  H17A20, 
through  pin  B  of  P/J105  to  the  single  pole  of  the  rain  removal  valve, 
across  the  close  motor  windings  to  point  E  of  J/P105  and  out  ground  wire 
H9A20N.    After  the  valve  closes  all  the  way,  the  limit  switches  will 
return  to  their  original  position, 

Part  3  -  Air  Flo*,  Off 

EXPLANATION  -  With  both  valves  now  closed  and  low  pressure  solenoid 
deenergized,  *he  system  air  f]ow  over  the  windshield  will  stop  anc  the  air 
conditioning  pressura  will  increase.    With  the  loss  of  this  air,  the  rain 
removal  drain  valve  will  open  with  its  spring. 

PRACTICE  EXERCISE  INSTRUCTIONS 

This  is  the  practice  exercise  (practice  work)  in  which  the  requirement 
is  to  complete  at  least  the  first  three  assigned  problems  satisfactorily. 
In  addition  to  the  first  three  practice  problems  an  additional  amount  may  be 
required.    These  additional  problems  are  only  required  if  the  instructor 
determines  additional  exercise  is  needed.    During  the  practice  exercise, 
queetions  may  be  askad  of  the  instructor  within  reason.    The  instructor  will 
always  reserve  the  right  on  how  or  if  to  respond  to  the  question(s). 

Th    student  will  NOT  be  allowed  to  progress  to  the  progress  check  vnless 
all  of  the  assigned  practice  exercises  are  complete.    The  instructor  determines 
if  the  assigned  practice  exercise  is  completed  satisfactorily  ^nd  when 
progression  to  the  progress  check  will  be. 

At  this  time,  go  back  and  reread  the  objective  in  the  front  of  this 
workbook.     If  you  have  any  questions  about  it,  see  the  instructor  NOW.  If 
you  don't  have  any  questions  about  the  past  material  and  think  /ou  understand 
it,  proceed  with  the  following. 

Note:    During  the  practice  exercise,  if  you  have  anything  you 
don't  understand,  inform  your  instructor.    Also,  if  you  have 
questions  during  the  exercise,  'hat's  the  time  to  speak  with  the 
instructor. 

All  of  the  entries  made  for  each  cause  must  be  correct.    Partial  credit 
cannot  an1  will  not  be  given  during  progress  check. 
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Diagram  1  at  the  back  of  this  workbook  must  be  used  in  conjunction 
with  the  practice  exercise  pagc(s)  in  this  workbook. 

FIRST  -  Read  the  discrepancy  given.     Study  it  along  with  diagram  1  to  the 
point  that  you  completely  understand  the  discrepancy.    You  should 
understand  it  so  you  feel  as  though  you  have  actually  written 
the  discrepancy. 

SECOND  -  Study  diagram  1  and  make  personal  notes  somewhere  on  diagram  1 
of  all  the  possible  causes  for  the  discrepancies. 

THIRD  -  Under  the  possible  cause  column  on  page  '1  you  will  find  the 

recording  area  for  one  or  more  of  the  required  causes.  Remember, 


you  will  not  be  required  to  record  page  11  all  the  possible 
causes  for  each  discrepancy.    Sfou  should  have  done  this  in  step  2 
above,  on  the  diagram. 

The  following  information  and  guidance  are  provided  to  help  you 
understand  how  to  meet  the  objective. 

Read  the  discrepancy  as  given  for  problem  1  on  page  11.    You  need  to 
study  the  discrepancy  so  you  feel  as  though  you  have  actually  written  it. 
At  the  same  time  you  may  refer  to  diagram  1  in  the  back  of  this  workbook. 
After  you  fully  understand  it,  use  diagram  1  to  help  identify  the  possible 
causes  for  the  given  discrepancy. 

The  discrepancy  says  "Air  flow  from  the  rain  removal  nozzle  has 
stopped,"  this  means  the  valves  must  both  be  closed.    The  statement,  "with 
the  >ain  removal  switch  on,"  means  the  valves  should  be  open.    "And  the 
all  conditioning  pressure  does  not  drop,"  means  that  the  solenoid  rixdn't 
energize. 

If  the  motors  don't  drive  the  valves  open  and  the  solenoid  is 
deenerglzed,  the  circuitry  i*ich  is  in  COMMON  to  or  SHARED  by  all  three 
loads  (solenoid  and  two  motors)  must  be  considered  first. 

Examining  diagram  1,  you  will  find  the  following  wires  and  components 
are  shared  by  all  three  loads  when  the    ystem  is  turned  on. 

1.  Wire  H8A;iO 

2.  Wire  H6'i20 

3.  Fain  removal  switch 

4.  Rain  removal  circuit  breaker 

These  four  items  should  be  the  ones  you  should  have  Identified  as 
possible  causes  on  diagram  1  for  the  discrepancy.    This  should  be  marked 
by  placing  a  very  light  checkmark  by  each  one  of  them  on  the  diagram. 
Each  problem's  checkmarks  can  be  erased  after  the  problem  is  complete. 

As  indicated  by  the  answer  column,  the  cause  is  marked  wire  numbers  and 
two  open  spaces,  and  the  discrepancy  is  "Airflow  from  the  Rain  Removal 
nozzle  has  stopped,  with  the  rain  removal  switch  'ON'  and  the  Air  Conditioning 
Pressure  does  not  drop,"  and  in  the  cause  column  they  want  two  vires.  Out 
of  the  four  items  you  checked  there  are  two  wires,  write  these  two  wires  in 
the  two  spaces  given. 

Don't  forget  that  any  of  the  areas  you  have  marked  could  have  beer,  the 
cause.    But,  as  you  can  see,  only  one  cause  is  asked  for.    Tou  will  not 
always  be  required  tj  give  all  the  possible  causes  for  grading.    Tou  should 
however,  always  mark  all  possible  causes  on  the  diagrams  before  actual 
troubleshooting.    This  should  sav*  you  time  and  it  should  prevent  you  from 
possibly  straying  into  circuits  whicb  are  in  no  way  related,  during  actual 
troubleshooting  with  test  equipment. 
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PRACTICE  EXERCISE 
(Practice  Work) 


DISCREPANCIES 


CAUSE 


1.      With  the  rain  removal  switch  "ON11 
air  conditioning  pressure  does 
not  drop  and  air  does  not  flow 
across  the  windshield. 


Open  wire  numbers 


2.      During  an  overhead  condition  the  Open  vire  numbers 

"Windshield  temp  high"  warning  and   . 

lamp  failed  to  cjme  on.  The 
lamp  worked  normally  during  the 
test  procedure. 


3.      Both  calves  remain  open  with  the  Open  wire  number 

switch  in  the  "OF?"  position*  The 
valves  did  open  normally. 


See  your  instructor  to  have  the  three  practice  problems  evaluated 
at  this  time. 

If  you  have  a.  y thing  you  don't  understand  or  have  questions,  now  is 
the  time  to  ask.    What  you  may  ask  during  the  progress  check  is  limited. 

STOP!!    Inform  your  instructor  you  are  ready  to  start  the 
progress  2heck. 
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FIGHTER  REFRIGERATION  SYSTEM 
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OBJECTIVE 

Relate  a  minimum  of  8  out  of  10  refrigeration  components  to  their 
operation* 

INFORMATION 

The  refrigeration  system  can  actually  be  broken  down  into  two 
sections  -  hot  and  cold  air  -  cold  air  to  the  equipment  compartment  and 
a  mi-  of  hot  and  cold  air  to  the  cockpit.    Also  included  in  the 

refrigeration  system  is  the  servo  air  system. 

The  purpose  of  the  servo  air  system  is  to  supply  air  pressure  to  the 
valves  in  the  ECS.    This  air  pressure  is  used  for  valve  activation 
(movement).    Partially  cooled  bleed  air  (air  that  has  passed  through  the 
heat  exchanger  but  not  the  cooling  turbine)  from  the  inL.t  side  of  the 
compressor  turbine  is  the  source  of  the  air  for  the  servo  air  system. 

The  servo  air  is  then  routed  to  the  water  trap  where  excess  moisture 
is  removed  from  the  air.    The  water  trap  is  designed     ;  collect  uk  sture 
from  the  servo  air  and  then  force  this  water  out  through  a  drain  hole 
(vent)  in  the  bottom  of  the  filter.    This  water  is  allowed  to  evaporate 
in  the  ref rigeratioi  bay. 

After  passing  through  the  water  trap,  the  air  is  sent  through  the 
servo  air  filter.    This  filter  is  a  disposable  wire  mesh  unit  which  insures 
that  relatively  clean,  dry  air  is  being  used  in  the  servo  air  system. 

After  being  cleaned  by  the  filter,  the  servo  a*r  must  be  regulated. 
This  is  accomplished  by  the  servo  air  regulator  which  takes  30  psi  air 
pressure  and  regulates  it  down  to  18  +2  psi.    The  servo  air  regulator 
also  has  an  overpressure  relief  setting  of  25  psi. 

Now  that  we  know  how  the  valves  are  actuated  open  and  closed,  let's 
discuss  one  of  the  sections  mentioned  earlier  -  the  hot  air  system. 

The  Hot  Air  Control  Valve  -  You  should  recall  from  the  bleed  air 
section  that  the  three  primary  valves  (7th,  13th  stage  bleed  valves  and 
the  variable  pressure  regulator  (VPR))  all  control  PRESSURE  but  not 
TEMPERATURE.    The  hot  air  control  valve  DOES  control  temperature. 

Working  in  conjunction  with  the  hot  air  sensur /controller ,  the  hot 
air  control  valve  maintains  a  duct  temperature  of  320°F.    This  set  functions 
as  a  source  of  hot  air  to  be  mixed  with  cool  refrigerated  air  to  maintain 
the  desired  temperature  range  in  the  cockpit,  as  well  as  providing  a  warm 
air  source  for  the  water  separator  anti-icing  control  set. 

dpT:~3370  TCK1G 
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Hot  air  for  W/S  anti-icing  is  taken  downstream  of  the  VPR     The  warm 
Martially  cooled)  air  consist!  of  bleed  atr  which  has  passed  through  the 
X ^  section  of  the  heat  exchanger,  but  has  not  yet  J-^'SSl^ 
ECS  cooling  turbine.    These  two  air  sources  (hot  bleed  air  and  Partially 
cooled  IS  combine  in  the  warm  air  duct  at  a  Poin^tween  the  ho  t  air 
sensor/controller  ar.u  the  hot  air  control  valve.    ^Vf  "  ™"  .f  duct 
is  a  device  that  is  used  to  help  the  control  valve  maintain  the  320  F  duct 
temperature.    The  duct  temperature  is  also  monitored  ^  ^^or/controUer 
thermostat.    If  the  hot  air  control  valve  or  the  hot  air  "nwr/co 
should  malfunction  and  allow  duct  temperature  to  rise  to  a  tempera 
450°F,  the  hot  air  bypass  thermostat  would  shut  the  system  down. 
(Remember  this  from  the  bleed  air  section.) 

The  hot  air  control  valve  is  spring-loaded  f^-^^U 
actuated  open.    It  also  has  a  push-to-test  button  for  testing  tne  P 
(o  eu/close  movement)  of  the  valve.    With  the  button  pushed  ha  f -way  i 
valve  will  bleed  off  control  pressure  and  close.    With  the  Button  v 
ell  the  way  in  the  valve  will  open. 

This  completes  the  hot  air  section,  so  let's  continue  on  with  the 
cold  air  section. 

First    we  shall  talk  about  the  component  that  gives  the  pilot  cold 
air,  turbine.    The  cooling  turbine  consists  o :  *  oil  sump, 

a  compressor  turbine  and  an  expansion  turb.ne.    We  will  discuss 
these  parts  separately. 

I-  FHrst    the  oil  sump,  located  at  the  bottom  of  the  turbine,  iff?* 
to^ub  IcaU  the  bearing;.    This  is  done  through  two  oil  ^  ^ 

Sin  in  the  oil  sump.    These  tw6  wicks  will,  soalc  anddistribut 
TtO  bearing,  'servicing  oft*.  oiTW  should  b^^J^ 
aircraft  according  to  the  applicable  TO  ^"^^^S^btf 
should  be-allowed  XaS  sit  for  a  period  of  time  (time  is- design. 
TO)  t<S  allow  for  adequate  lubrication. 

The  compressor  anlf  expansion  "wheelTs"  of  th€  turbine  wi£  ^discussed 

Look  ■     the  ble*a  ait  schematic  and"  notice  that  after  tK^ait  passes 
^n^nthe  primary  section  c^thV'hear'exchanger ,  i/TfWs  t^thQ 

ompSsS  s^dfo/the  turbine.    After  going  through  the  compressor  side 
oTtle  turbine,  it  flows  back  through  the  seconds r, r  sect! on  of  t he  heat 
exchaneer  to  receive  additional  cooling  from  the  ram  air  s 
tne  hettexchanger,  and  then  it  is  routed  to  the  expansion  side  of  the 

turbine. 

t-M«    let's  tto  back  to  the  starting  point. 
Now  to  better  explain  this,  let  s  go  oac*  uu  nfl8ses 
The  hNot  hi-pres*  bleed  air  receives  its  in  it  a  1  cooling  passes 
through  the  primary  sectio  »  of  the  ^at  exchanger     i  ^ 
then  routed  to  the  compressor  side  of  the  turbine, 
what,  why  and  how  of  the  compressor  wheel. 
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What:    What  is  the  compressor  turbine?    This  is  the  part  of  the 
turbine  that  will  take  bleed  air  and  do  exactly  as  the  name  implies  -  it 
will  COMPRESS  the  bleed  air. 


Why:    Why  does  it  compress  the  bleed  air?    It  com]   ^.sses  the  bleed 
air  because  if  the  turbine  is  going  to  produce  cool  air  it  must  work 
efficiently.    For  the  turbine  to  work  efficiently,  the  bleed  air  must 
be  hi-press.    If  you  study  the  schematic  you  will  notice  that  the  bleed 
air  is  "tapped"  off  for  uses  other  than  air  conditioning.    These  "tap  offs1' 
cause  the  pressure  to  drop.    The  pressure  must  be  brought  back  up  to  an 
*fficient  working  pressure.    To  do  this,  the  bleed  air  is  routed  to  the 
compressor. 

How:    How  is  the  air  compressed?    Once  again,  study  the  blee^  air 
schematic  and  you  will  notice  that  the  bleed  air  enters  the  compressor 
turbine  by  going  straight  into  the  blades.    At  this  point  two  tnings  are 
taking  place.    First,  you  are  taking  a  large  volume  of  air  and  forcing  it 
into  a  small  area.    This  is,  of  course,  going  to  cause  the  air  to  compress. 
Secondly,  by  the  way  the  air  is  entering  the  compressor,  (straight  into 
the  blades)  it  is  going  to  cause  tlvj  compressor  to  out  a  load  on  the 
expansion  turbine.     (This  will  be  discussed  in  more  depth  when  we  talk 
about  the  expansion  side.)    After  going  through  the  compressor,  the  bleed 
air  is  going  to  be  hot  hi-pressure  bleed  air  again.    Because  you  increased 
the  pressure,  you  also  increased  the  temperature.    Now  it  must  be  sent 
through  the  secondary  section  of  the  heat  exchanger  to  remote  the  increased 
temperature. 

After  the  bleed  air  passes  through  the  secondary  section  of  the  heat 
exchanger,  it  goes  through  the  regenerative  heat  exchanger  for  additional 
cooling  (this  will  be  discussed  later).    After  passing  through  the 
regenerrtion  heat  exchanger,  the  bleed  air  goes  into  the  expansion  side 
of  the  turbine. 

What  is  the  expansion  turbine?    This  is  the  part  of  the  turbine 
where  the  "super"  cooling  of  the  bleed  air  takes  place.    This  is  also 
considered  the  final  stage  of  cooling.    This  is  accomplished  by  what  is 
known  as  rapid  expansion.    Rapid  expansion  is  the  taking  of  the  compressed 
bleed  air  (molecules  that  have  been  comprespid  together)  and  causing  them 
to  expand  very  rapidly  (molecules  are  thrown  apart).    This  will  create  the 
cold  air. 

Because  of  the  fact  that  the  hot  air  is  being  expanded,  it  is  also 
referred  to  as  taking  heat  energy  and  turning  it  into  mechanical  energy. 
This  means  you  are  taking  hot  air  and  expanding  it,  which  causes  the 
expansion  turbine  tc  turn.    By  doing  this,  the  expansion  turbine  is 
considered  the  "driving"  force  of  the  cooling  turbine  assembly.  Even 
though  the  bleed  air  passes  through  the  compressor  turbine  before  it  gets 
to  the  expansion  turbine,  the  expansion  side  is  still  the  "driving  force.'1 
It  causes  the  turbine  to  spin  (turn)  while  the  compressor  turbine  puts  a 
"load"  or  the  expansion  side  to  prevent  it  from  overspeedi:  g.    By  studying 
the  bleed  air  schematic  you  should  also  have  noticed  chat  the  two  turbine 
wheels  are  connected  by  a  common  shaft,  so  when  the  expansion  turbine 
starts  to  turn,  so  does  the  compressor  side. 
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All  right!    Now  we  have  cooled  the  air  going  into  the  cockpit.  How 
about  precooling  before  it  gets  to  the  turbine  assembly? 


You  probably  remember  sending  the  bleed  air  through  the  heat  exchanger 
before  routing  it  through  the  turbine!    The  heat  exchanger  is  the  unit 
that  will  "precool"  the  hot  bleed  air  before  it  goes  to  the  cooling  turbine. 
Locate  the  heat  exchanger  on  the  bleed  air  schematic  ard  note  that  it  is 
comprised  of  two  sections  -  the  primary  section  and  the  secondary  section. 

The  heat  exchanger  is  an  air-to-air  type  heat  exchanger.    This  means 
that  you  have  hot  bleed  air  passing  through  the  heat  exchanger  and  ram 
air  passing  around  it  to  transfer  the  heat  from  the  bleed  air  tc  the  ram 
air.    Depending  on  the  throttle  setting,  the  temperature  of  the  bleed  air 
entering  the  heat  exchanger  can  range  from  400°F  to  1100°F.    After  passing 
through  the  primary  section  of  the  heat  exchanger  the  temperature  of  the 
bleed  air  will  be  approximately  300°F  or  below.    The  air  then  goes  to  the 
compression  side  of  the  cooling  turbine.    You  should  remember  that  the 
pressure  and  temperature  are  increased  at  this  point.    You  should  also 
remember  that  after  boing  through  the  compression  side  of  the  cooling 
turbine,  the  bleed  air  goes  back  to  the  heat  exchanger,  the  secondary 
section  of  the  heat  exchanger.    The  temperature  of  the  ble*d  air  will 
generally  be  below  350°F  after  passing  through  the  secondary  section  of 
the  heat  exchanger.    Pressure  at  this  point  will  vary  between  65  and 
145  psig. 

Now  you  know  how  the  bleed  air  is  precooled  before  it  gets  to  the 
cooling  turbine.    The  heat  exchanger  can  be  considered  the  first  stage 
of  cooling  for  bleed  air.    The  second  stage  of  cooling   .s  the  regenerative 
heat  exchanger.    Locate  the  heat  exchanger  on  the  bleed  air  schematic* 

The  regenerative  heat  exchanger  provides  additional  cooling  of  the 
high-pressure  bleed  air  that  is  discharged  from  the  secondary  section  of 
the  air-to-air  heat  exchanger.    Because  it  uses  the  water  drail-off  from 
the  water  separator,  the  regenerative  heat  exchanger  is  most  efficient 
under  high  moisture  content  conditions  (low  altitude). 

The  regenerative  heat  exchanger  has  two  small  lines  going  to  it. 
One  from  the  water  separator  and  the  other  from  partially  cooled  air 
manifold.    The  partially  cooled  air  enters  the  regenerative  heat  exchanger 
at  the  top.    At  the  end  of  this  line  is  a  venturi.    At  the  throat  of  the 
venturi  is  the  other  line.    The  venturi  will  create  a  low  pressure  at  the 
throat,  which  will  suck  the  moisture  out  of  the  water  separator.  This 
moisture  is  then  blown  over  the  tubing  thnt  carries  the  partially  cooled 
air  in  the  regenerative  heat  exchanger,  providing  additional  cooling. 
Because  the  air  temperature  and  ram  air  inlet  tempc^aturi  are  high  at  low 
altitude  and  high  speed,  the  primary  heat  exchanger  is  not  very  efficient. 
At  low  altitude  there  is  more  moisture  in  the  air  which  will  make  the 
regenerative  heat  exchanger  more  efficient  to  help  the  primary  air-to-air 
heat  exchanger. 

Once  the  air  is  discharged  from  the  regenerative  heat  exchanger,  it 
flows  through  the  expansion  turbine.    You  should  recall  that  the  air  is 
"super"  cooled  at  this  point.    At  low  altitudes  the  air  coming  out  of  the 
expansion  turbine  has  a  lot  of  water  (moisture) .    If  this  moisture  is 
allowed  to  go  into  the  cockpit,  it  would  cause  a  fogging  effect  which 


could  cause  a  visibility  problem  for  the  pilot.  Also,  if  this  moisture 
is  allowed  to  enter  the  equipment  compartment,  it  could  cause  damage  to 
the  equipment. 


To  prevent  the  fogging  effect  and  equipment  damage,  the  wa^r  must 
be  removed  from  the  air.    This  is  accomplished  by  the  water  separator 
which  is  installed  downstream  of  the  cooling  turbine. 

The  water  separator  consists  of  a  by-pass  valve  and  a  cooles 

The  by-pass  valve  is  set  to  open  at  7  psig.    It  allows  air  to  flow 
through  the  water  separator  in  the  event  of  an  ice  blockage. 

The  cooleser  is  designed  to  collect  moisture  from  the  air  and  turn 
it  into  water  droplets.    The  cooleser  also  caus  s  the  air  to  swirl  around 
in  the  water  separator  creating  a  centrifugal  force  which  will  "thi<wM 
the  water  droplets  to  the  outside  wall  where  they  drop  down  into  the 
bottom  of  the  water  separator  and  are  sucked  into  the  regenerative  heat 
exchanger  to  increase  the  cooling  efficiency  of  the  air-to-air  heat 
exchanger.    Because  of  the  low  temperature  of  the  air  coming  out  of  the 
expansion  turbine  and  entering  the  water  separator,  it  sometimes  cau&es 
the  moisture  in  the  water  separator  to  freeze  up.    If  this  occurs, 
airflow  going  into  the  cockpit  and  equipment  compartment  is  blocked. 
At  this  point,  the  by-pass  valve  will  open  (7  psi) ,  allowing  some  air-flow 
into  the  cockpit /equipment  compartment. 

To  try  and  prevent  this  from  happening,  there  has  to  be  a  way  to 
keep  air  temperatures  above  freezing.    To  do  this,  a  water  separator 
anti-?.ce  system  has  been  incorporated  into  the  system. 

This  system  consists  of  a  water  separator  anti-ice  valve  and  a  water 
separator  anti-ice  sensor/controller. 

The  water  separator  anti-ice  valve  is  an  electrically  controlled, 
pneumatically  actuated  valve.    It  is  spring-loaded  closed.    Opening  of  the 
anti-ice  valve  is  controlled  by  the  sensor/controller.    Let's  look  at  an 
example  to  better  understand  the  proper  operation  of  the  anti-ice  valve. 
Ths  altitude  of  the  aircraft  will  determine  the  output  temperature  of  the 
air  coming  out  of  the  water  separator.    At  an  altitude  of  less  then 
27,000  ft,  the  water  separator  output  should  be  35°  +2°F.    At  altitudes 
above  27,000  ft  the  output  temperature  will  drop  to  0°  +2°F.    Now  -  lets 
look  at  an  example!    The  aircraft  altitude  is  below  27,000  ft.  Output 
temperature  should  be  35°  +2°F.    Now,  lets  say  the  temperature  drops  to 
30°F,  that  is  below  freezing,  so  the  temperature  must  be  brought  back  up 
to  35°  +2°F  or  we  face  the  problem  of  a  water  separator  freezing  up.  The 
sensor/controller,  located  ir  the  output  duct  of  the  water  separator  does 
just  what  the  name  implies;  it  senses  the  temperature  of  the  air  coming 
out  of  the  water  separator  and  controls  the  temperature  to  35°  +2°F.  So, 
if  the  temperature  has  dropped  from  35°  to  30°,  the  sensor  portion  of  the 
controller  wi<r.i  sense  this  temperature  drop  and  send  a  signal  to  the 
controller  portion  of  the  unit.    The  controller  in  turn  will  increase 
current  flow  to  the  anti-ice  valve  motor.    When  this  happens  servo  air 
will  open  the  anti-ice  valve,  allowing  hot  air  to  be  mixed  with  turbine 
discharge  air.    With  a  warmer  mixture  of  air  flowing  into  the  water 
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separator,  the  output  temperature  will  increase,  bringing  the  temperature 
back  to  35°  +2°F.    This  action  is  a  continual  cycle  to  keep  the  proper 
water  separator  output  temperature.    The  anti-ice  valve  should  always  be 
open  a  little. 

RAM  AIR  SYSTEM 

During  ram  air  operation,  part  of  the  ram  air  that  is  normally 
routed  to  the  air-to-air  heat  exchanger  is  diverted  to  the  cold  air 
supply  ducting. 

The  ram  air  system  is  activated  by  selecting  RAM  on  the  air  source 
selector  switch.    This  will  cause  the  shutoff  solenoids  on  the  7th  &  13th 
stage  regulators  and  the  variable  pressure  regulator  to  energize  and  the 
dump  solenoid  on  the  cabin  safety  dump  valve  to  energize.     This  action 
will  etop  airflow  into  the  system  and  allow  pressure  to  be  dumped  overboard. 
At  the  same  time,  the  emergency  ram  air  valve  is  deenergized  to  the  open 
position.    The  emergency  ram  air  valve  is  electrically  controlled  and 
pneumatically  operated.    Loss  of  electrical  power  and/or  servo  air  will 
cause  the  valve  to  move  to  the  open  position.    A  split  flapper-type  check 
valve  is  installed  downstream  of  the  ram  air  valvr  to  prevent  loss  of 
cooling  air  during  normal  system  operation  should  the  ram  air  valve  fail. 

WATER  SEPARATOR,  ANTI-ICE 

The  anti-ice  control  switch  has  several  positions  which  we  will  take 
up  individually: 

Valve  Return  "Norm"  -  Allows  you  to  read  voltage  from  wa'-er  separator 
anti-ice  valve.    Depending  on  the  position  of  the  anti-ice  valve,  voltage 
readings  will  range  from  19  VDC  (full  open)  to  28  VDC  (full  closed).  Normal 
readings  should  be  about  25  VDC,  indicating  a  slightly  open  valve. 

Valve  Return  High  Temp  -  When  placing  the  tester  ANTI-ICE  CONTROL 
switch  in  the  VALVE  RETURN  -  HI  TEMP  position,  you  are  checking  operation 
of  the  water  separator  anti-ice  sensor /controller  and  the  water  separator 
anti-ice  valve.    This  is  accomplished  by  causing  an  imbalance  in  the  bridge 
circuit  of  the  sensor/controller.    The  sensor /controller  contains  a 
negative  coefficient  bridge  circuit      The  imbalance  will  cause  the  sensor/ 
controller  to  think  thfit  the  W/S  discharge  temperature  is  too  cold, 
therefore  sending  a  signal  to  the  anti-ice  valve  causing  it  to  open, 
sending  warm  air  into  the  W/S.    Normal  voltage  display  on  the  meter  should 
be  19  to  22  VDC,  indicating  a  nearly  full  open  valve.    The  temperature 
display  in  the  AVIONICS  or  CABIN  position  should  increase  to  85 °F  +10° F. 
(75°  -  95°F) 

Control  High  Temp  Test  -  This  test  will  check  the  opening  of  the 
water  separator  anti-ice  valve,  increasing  the  temperature  output  of  the 
anti-ice  valve  to  85°F,  just  as  it  did  in  the  HIGH  TEMP  test.    The  voltage 
display  will  indicate  the  transistor  voltage  is  zero  indicating  valve 
closed  and  2.5  VDC  indicating  valve  open.    Normal  voltage  reading  should 
be  greater  than  2.0  volts. 

Control  Mode  Shift  -  This  test  will  do  three  things.    First,  it  will 
read  the  voltage  controlling  the  transistor  in  the  water  separator 
anti-ice  sensor/controller.    Secondly,  it  will  increase  the  resistance 
of  this  sensor,  causing  it  to  think  that  the  water  separator  discharge 
air  is  too  cold  and  opening  the  water  separator  anti-ice  valve  to  allow 
warm  air  into  the  water  separator.    Thirdly,   it  will  check  the  ability 
of  the  sensor  to  respond  to  mode  shift.    The  mode-shift  will  lower  the 
temperature  of  the  air  from  85°F  to  50°F. 
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RAIN  REMOVAL  SYSTEM  AND  TROUBLESHOOTING 

OBJECTIVE 

Using  a  multimeter  and  wiring  diagram,  troubleshoot  the  rain  removal 
system  trainer,  locating  three  out  of  four  troubles  correctly. 

EQUIPMENT 

Trainer  3336,  Rain  Removal  System 
Multimeter,  AN/PSM-37 

PROCEDURE 

1.  Remove  all  of  your  jewelry.  Report  to  the  lab  instructor  and 
inform  him  of  the  lesson  on  which  you  are  working.  The  instructor  will 
assign  you  to  a  trainer  and  provide  the  necessary  equipment. 

2.  This  workbook  is  presented  in  two  sections.    Section  1  is  to 
familiarize  you  with  the  components  of  the  rain  removal  system  trainer. 
Section  2  contains  the  steps  for  operationally  checking  the  systems  and 
the  malfunctions  that  you  are  to  troubleshoot.    Perform  each  step  as 
directed  on  the  following  pages.    If  you  do  not  understand  any  part  be 
sure  to  ask  the  instructor  for  assistance. 

SECTION  1.    RAIN  REMOVAL  SYSTEM  TRAINER  COMPONENTS 

1.  Locate  each  of  the  following  items  on  the  trainer.  The  names 
of  the  items  are  listed  near  each  component. 

a.  Bleed  air  pressure  regulator  and  shutoff  valve. 

Note  1:    This  is  the  pressure  regulator  and  shutoff  vai  3  that 
controls  air  for  cabin  air  conditioning.    The  controls  that  energize 
the  main  solenoid  are  not  on  this  trainer.    Since  we  are  only 
concerned  with  the  rain  removal  system,  the  only  part  of  this 
regulator  that  will  operate  is  the  low  pressure  solenoid. 

b.  Rain  removal  shutoff  valve. 

c.  Rain  removal  bypass  valve. 
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d.  Windshield  temperature  sensor. 

e.  Windshield  temperature  sensing  amplifier* 

f.  Warning  It  cont  28V  DC  circuit  breaker. 

g.  Warning  It  pwr  14/28V  AC  circuit  breaker. 

h.  Rain  removal  28V  DC  circuit  breaker. 

i.  Windshield  temp  sensing  115V  AC  circuit  breaker, 
j.  Rain  removal  switch. 

k.  Warning  light  test  switch. 

1.  Overheat  simulator  switch. 

Note  2:    This  switch  is  used  to  simulate  a  temperature  rise  above  260°F 
When  the  switch  is  placed  in  the  simulated  overheat  position  it  in- 
creases the  resistance  in  the  sensor  circuit  causing  the  windshield 
temperature  sensing  amplifier  to  turn  on  the  warning  light. 

2.  Trainer  preparation. 

a.  Place  all  trouble  switches  to  the  OUT  position.  These 
switches  are  located  on  the  right  end  of  the  trainer. 

b.  Push  in  all  circuit  breakers. 

c.  Place  the  rain  removal  switch  to  the  OFF  position. 

d.  Place  the  trainer  power  switches  to  the  ON  position. 
These  switches  are  located  on  the  left  end  of  the  trainer. 

3.  Trainer  operation. 

During  each  of  the  following  steps  you  will  operate  each  component 
of  the  rain  removal  and  windshield  temperature  warning  systems.    When  a 
switch  is  actuated  be  sure  to  notice  which  of  the  valves  operate  and 
the  valve  position.    Actuate  each  switch  as  directed*    From  your  observation 
of  the  trainer  operation,  complete  each  of  the  following  statements  by 
circling  the  correct  word. 

STEP  1.      Rain  removal  system  operation. 

(1)    Place  the  rain  removal  switch  to  ON. 
The  rain  removal  valve  (opens/closes). 
The  rain  removal  bypass  valve  (opens/closes). 
The  pressure  regulator  and  shutoff  valve  low 
pressure  solenoid  (energlzes/deenerglzes) • 
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Note  3:    Since  we  do  not  have  airflow  through  the  system  you  cannot 
observe  the  decrease  in  flow  to  determine  whether  or  not  the  low 
pressure  solenoid  is  operating.    However,  you  can  check  to  determine 
if  the  solenoid  is  energizing  as  follows:    Remove  the  AN  electrical 
connector  by  unscrewing  it  from  the  solenoid  valve  at  P417B  and  J417B. 
As  you  remove  the  connector  you  should  hear  an  audible  click  as  the 
solenoid  deenergizes.    Then  replace  the  electrical  connector,  listening 
closely  as  you  do  so.    You  should  hear  the  click  as  the  solenoid  is 
energized.    Try  this  several  times  to  be  sure  you  recognize  the  audible 
sound  of  the  solenoid  energizing  and  deenergising. 

(2)    Place  the  rain  removal  switch  to  OFF. 

The  rain  removal  bypass  valve  (opens/closes). 
The  rain  removal  shutoff  valve  (opens/closes). 


STEP  2.      Windshield  temperature  overheat  warning  system 

operation. 

(1)  Hold  the  windshield  temperature  sensor  simu- 
lated overheat  switch  to  simulated  overheat 
position. 

The  WINDSHIELD  TEMP  HI  warning  light  is  (on/off). 

(2)  Release  the  simulated  overheat  switch. 

The  WINDSHIELD  TEMP  HI  warning  light  is  (on/off). 
STEP  3.    WINDSHIELD  TEMP  HI  warning  light  test  circuit  operation. 

(1)  Hold  the  warning  light  test  switch  to  TEST. 

The  WINDSHIELD  TEMP  HI  warning  light  is  (on/off). 

(2)  Release  the  warning  light  test  switch. 

The  WINDSHIELD  TEMP  HI  warning  light  is  (on/off). 


STEP  A.    Place  the  trainer  power  switches  to  OFF. 
COMPARE  THE  ANSWERS  THAT  YOU  HAVE  SELECTED  TO  THOSE  GIVEN  BELOW. 


Answers  to  trainer  operation  statements. 


STEP  x.     (1)  opens. 

opens • 
energizes. 


STEP  2.     (1)  on. 

(2)  off. 


STEP  3.     (1)  on. 

(2)  off. 


(2)  closes, 
closes. 


If  your  answers  do  not  agree,  check  with  the  instructor.    If  your 
answers  agree,  then  the  trainer  is  operating  correctly. 


4«      Sensor  resistance. 
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a.  Knowing  the  normal  resistance  value  of  the  sensor  will  be 
helpful  when  troubleshooting  the  system. 

b.  To  measure  the  resistance  of  the  sensor,  the  circuit  must 
be  isolated.  To  isolate  the  sensor  circuit,  disconnect  the  AN  connector 
from  the  windshield  temperature  sensing  amplifier.  With  this  disconnected 
you  can  measure  the  sensor  resistance  from  the  check  point,  pins  E  and  F 
at  the  temperature  sensing  amplifier.  Using  the  multimeter,  measure  the 
resistance  of  the  sensor. 

The  sensor  resistance  is 


c.      Ask  the  instructor  for  the  ambient  temperature  in  the  lab 

area. 

Temperature  is 


d.      The  graph,  illustr  .ted  in  figure  1  below,  shows  the  normal 
sensor  resistance.    Using  the  graph,  determine  the  resistance  range  for 
the  sensor  at  the  present  ambient  temperature  in  the  lab.    Is  the  measured 
resistance  of  the  sensor  within  the  range  given  on  the  graph?  (Yes/No). 


Figure  1.    Windshield  Temperature  Sensor  Resistance  Graph. 

Instructions  for  using  the  temperature  ser <or  resistance  graph. 

Locate  the  vertical  line  for  the  ambient  temperature.    Follow  this 
line  up  to  the  shaded  area,  then  follow  the  horizontal  lines  to  the  left 
to  determine  the  resistance  range  in  ohms.    The  measured  resistance  should 
be  within  this  range. 

Example:    If  the  temperature  is  120°F,  then  the  resistance  should 
be  between  112  and  142  ohms. 
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SECTION  2.    OPERATION  AND  TROUBLESHOOTING 


OPERATIONAL  CHECK 

1.  The  steps  that  you  performed  in  paragraph  3a  of  Section  1  involved 
operating  each  component  in  the  rain  removal  and  windshield  temperature 
overheat  warning  systems.    They  determine  if  each  component  was  operating 
properly  and  are  called  operational  checks. 

2,  The  chart  below  formalizes  the  operational  check  procedures  in 
an  outline  form.    With  troubleshooting,  you  will  be  required  to  perform  an 
operational  check  for  each  trouble.     To  insure  that  you  are  familiar  with 
the  procedure,  turn  on  the  trainer  power  switches  and  perform  an 
operational  check  using  the  outline  below.    After  you  have  completed  the 
operational  checks,  contit ue  with  the  troubleshooting  part  of  this  lesson. 


Switch  Positioning 

Operating  Valve  or  Light 

Valve  Position  and 
Light  Indication 

Place  the  rain  removal 
switch  to  ON. 

Rain  removal  shutoff  valve 
Rain  removal  bypass  valve 
Low  pressure  solenoid 

WLNDohlfcLD  laSflr  HI  Llgnt 

OPEN 
OPEN 

Energized* 
urr 

Place  the  rain  removal 

dwillii    lu   ur  r  • 

Rain  removal  bypass  valve 

AoiLi    rcuuvai   oUUCUii  VttXVC 

Low  pressure  solenoid 
WINDSHIELD  TEMP  HI  light 

CLOSED 

Deenergized* 
OFF 

Place  the  windshield 
temperature  sensor 
simulating  switch  to 
simulated  overheat.  Hold 
in  position. 

WINDSHIELD  TEMP  HI  light 

ON 

Release  the  sensor 
simulating  switch. 

WINDSHIELD  TEMP  HI  light 

OFF 

Place  the  warning  light 
test  switch  to  TEST. 
Hold  in  position. 

WINDSHIELD  TEMP  HI  Light 

ON 

Release  the  warning  light 
test  switch. 

WINDSHIELD  TEMP  HI  light 

OFF 

*See  Note  3 
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TROUBLESHOOTING 


1.  Perform  an  operational  check  for  each  trouble  to  determine  the 
malfunctioning  component  or  components. 

2.  Using  a  waxed  pencil,  trace  the  electrical  circuits  that  operate 
cr  control  the  malfunctioning  component. 

3.  Use  the  multimeter  to  locate  the  cause  of  the  trouble. 

Note  4:    When  measuring  voltage,  be  sure  the  meter  is  set  to  the 
correct  voltage  range.    Make  sure  you  have  the  negative  (black)  lead 
to  ground.    This   .rainer  does  not  have  a  common  ground  point,  use 
any  one  of  the  valves  for  ground.    Be  sure  the  trainer  power  switches 
are  OFF  and  the  meter  is  set  at  OHMS  when  checking  resistance. 

A.      Some  of  the  troubles  in  this  system  are  located  inside  of  the 
component.    For  these  troubles  you  should  determine  exactly  which  part  of 
the  internal  circuit  is  causing  the  trouble.    On  the  rain  removal  shutoff 
valve,  rain  removal  bypass  valve,  and  the  low  pressure  solenoid  there  is 
a  ffJff  section  and  a  "P"  section  on  the  AN  connector.    The  "P11  section  is 
for  checking  circuits  coming  to  the  component.    The  "J11  section  is  used 
for  checking  the  internal  condition  of  the  valve. 

5.  Use  the  trouble  switches  indicated  on  the  troubleshooting  answer 
sheet  provided  on  the  last  page  of  this  worksheet.    The  troubleshooting 
answer  sheet  has  three  columns.    The  first  column  contains  the  trouble 
switch  numbers.    The  second  column,  marked  discrepancy,  is  for  you  to 
record  the  malfunction.     In  this  column  state  the  name  of  the  component 

and  the  condition,  such  as:    "shutoff  valve  won't  open."    In  the  third  colurn, 
marked  cause ,  state  if  it  is  an  open  or  short  in  the  circuit  and  the  location 
(wire  number  or  between  two  certain  pins),  such  as:    "open  between  pins  B 
and  E  of  the  shutoff  valve." 

6.  We  will  go  through  trouble  number  3  to  show  you  how  to  arrive 
at  the  correct  answer. 

a.  Place  trouble  switch  number  3  to  the  IN  position. 

b.  Perform  an  operational  check.    Use  the  operational  check 
procedure  chart,  figure  2. 

c.  During  the  operational  check  you  found  the  rain  removal 
shutoff  valve  would  not  open  and  also  the  rain  removal  bypass  valve  would 
not  open.    Make  the  following  statement  in  the  discrepancy  column  for 
trouble  switch  number  3. 

"Rain  removal  system  inoperative,  valves  will  not  open." 

d.  When  you  performed  th.  operational  check  you  should  have 
also  noticed  the  low  pressure  solenoid  on  the  bleed  air  pressure  regulator 
and  shutoff  valve  is  energizing  when  the  rain  removal  switch  is  ON.  Knowing 
this  is  very  helpful  in  our  trouble  analysis  process. 
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e.  Since  there  is  power  to  the  solenoid,  this  teUs  us  that 
we  do  have  28-volts  DC  through  the  rain  removal  switch  to  the  solenoid. 
Our  problem  must  be  in  the  circuit  after  the  Junction  of  wires  M8A20  and 
M8C20.    Trace  the  circuit  from  the  junction  to  pin  A  of  the  rain  removal 
Bhutoff  valve  (wire  number  M8C20),  through  the  open  side  of  the  motor,  to 
pin  E,  and  through  wire  number  M9A20N  to  ground. 

f .  Since  the  rain  removal  shutoff  valve  will  not  open,  the 
trouble  must  be  in  the  circuit  traced.    But  why  doesn't  the  rain  removal 
bypass  valve  open?  . . ,  Remember  the  rain  removal  shutoff  valve  has  to 
open  all  the  way  before  the  bypass  valve  will  open. 

g.  Use  the  multimeter  and  check  for  28-volts  DC  at  pin  A  of 
the  rain  removal  shutoff  valve.    You  should  read  voltage  at  this  point. 
Since  we  do  have  power  to  the  valve,  the  trouble  must  be  in  the  ground 
circuit  or  internally  in  the  valve.    Use  the  ohmmeter  to  verify  this 
conclusion. 

Caution:    Do  not  remove  the  AN  connector  from  any  of  the  three 
valves  on  the  trainer.    You  will  use  the  connectors  for  each 
valve  as  they  are  required.    They  are  located  beside  each  valve 
on  the  trainer. 

h.  Turn  the  power  switches  OFF,  and  disconnect  the  AN  connector 
from  the  rain  removal  shutoff  valve.    Check  for  continuity  from  pin  E  to 
ground.    You  should  read  continuity  (zero  resistance).    Since  this  circuit 
is  good,  the  trouble  must  be  in  the  valve. 

i.  Check  for  continuity  between  pins  A  and  E  of  the  valve 
motor.    Be  sure  to  check  the  circuit  going  through  the  valve  motor.  This 
is  done  by  using  check  point  J103.    If  this  circuit  is  good  you  should 
read  continuity,  but  it  will  be  something  greater  than  zero  because  of 
the  resistance  of  the  motor  windings.    If  the  circuit  is  open  the  meter 
will  read  infinity.    What  indication  did  you  receive?    You  should  have 

dn  infinity  reading.    There  is  an  open  in  this  circuit.    Make  the 
following  statement  in  the  cause  column  of  the  answer  sheet. 

"Open  between  pins  A  and  E  of  the  rain  removal  valve." 

j.      You  have  completed  trouble  number  3.    Replace  the  AN 
connector  to  the  rain  removal  shutoff  valve,  and  place  trouble  switch 
3  to  the  OuT  position.    Place  trouble  switch  number  1  to  the  IN  position, 
perform  an  operational  check  and  continue  with  the  troubleshooting.  Be 
sure  to  record  your  findings  for  each  proMem. 
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TROUBLESHOOTING  ANSWER  SHEET 


TROUBLE 

SWITCH 

NUMBER 

DISCREPANCY 

CAUSE 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Note:  When  using  trouble  switch  #10,  use 
1K&V  on  the  AN/PSM-37  function  switch. 
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EQUIPMENT  AIR  CONDITIONING  SYSTEM  WIRING  DIAGRAM 

OBJECTIVE 

Using  a  wiring  digram  specify  causes  for  equipment  air  conditioning 
system  troubles  with  a  minimum  score  of  80  out  cf  100  total  points. 

EQUIPMENT 

Colored  pencils 
INSTRUCTIONS 

Pay  close  attention  to  all  directions.    After  completing  this  lesson, 
you  will  be  required  to  identify  causes  tor  system  troubles  with  80% 
accuracy  on  the  attached  diagram.     If  you  are  ready,  and  the  instructor 
has  already  briefed  you,  oegin. 

EQUIPMENT  AIR  CONDITIONING  WIRING  DIAGRAM 

INTRODUCTION 

During  this  lesson,  you  will  review  the  purpose  of  the  system  components 
and  you  will  study  the  electrical  circuitry  for  the  system  ooeration,  and 
troubleshooting  various  troubles.    Be  sure  to  read  the  Instructions  on  this 
page  before  going  any  further. 

You  will  be  using  diagram  1  in  the  back  of  your  workbook.    You  will  use 
this  diagram  throughout  the  lesson. 

You  will  be  required  to  troubleshoot  this  diagram  at  the  completion  of 
this  lesson.     Open  your  book  to  this  diagram;  also  open  the  workbook  to  page 
3. 

After  the  purpose  of  the  components  are  explained,  you  will  be  required 
to  respond  in  this  workbook.     If  your  response  is  incorrect,  you  should  review 
the  material  or  ask  the  classroom  instructor  for  assistance. 


Supersedes  C3ABR42331-WB-204,  29  March  1983. 

OPR:  3370  TCUTG 
DISTRIBUTION:  X 

3370  TCHTG/TTGU-P  -  300;  DAV  -  1 
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Section  1.    PURPOSE  OF  COMPONENT, 


Let's  start  by  locating  the  Pressure  Regulator  and  Shutoff  Valve  in 
the  right  center  of  Diagram  1.    This  valve  serves  as  a  shutoff  valve  and 
a  p-essure  regulator.    When  closed,  it  stops  airflow,  and  when  open,  it 
regulates  air  pressure  (at  106  psi)  going  through  the  equipment  air 
conditioning  system.    The  solenoid  on  this  valve  is  energized  automatically 
whenever  electrical  power  and  air  pressure  are  applied  to  the  aircraft* 
Any  time  the  system  goes  into  an  overheat  condition,  this  valve  is 
automatically  closed  by  the  temperature  limiter  switch. 

On  the  top  center  to  the  right  of  Dia^am  1,  locate  the  landing  gear 
control  switch,  the  ground  cooling  ejector  shutoff  valve,  and  the  lauding 
gear  auxiliary  relay.    You  should  recall  that  the  ground  cooling  ejector 
shutoff  valve  opens  to  allow  bleed  air  to  flow  through  the  ground  cooling 
ejector  nozzles  when  the  aircraft  is  on  the  ground. 

Look  at  the  landing  gear  control  switch,  this  is  mounted  on  the  landing 
gear  handle.    When  the  landing  gear  handle  is  placed  to  the  gear  do  position, 
the  landing  gear  contiol  switch  completes  a  circuit  to  the  landing  auxiliary 
relay,  palling  the  contacts  down  and  openiw*  the  ground  cooling  ejector 
valve.    When  the  laiHine  gear  handle  is  placed  to  the  gear  up  position,  the 
landing  gear  control  switch  breaks  the  circuit,  and  deenergizes  the  landing 
gear  auxiliary  relay,  moving  the  contacts  up  and  the  ground  cooling  ejector 
shutoff  valve  will  close. 

Complete  statements  1  through  6.    Purpose  of  components. 

Using  the  Diagram  at  the  back  of  the  workbook  and  the  information  given, 
fill  in  the  blanks  to  complete  the  following  statements. 

1.  When  electrical  power  is  applied  to  the  aircraft,  the  bleed  air  pressure 

regulator  and  shutoff  valve  solenoid  is  

(energized/deenergized)  . 

2.  The  solenoid  on  the  bleed  a-J**  pressure  regulator  and  shutoff  valve 
requires  volts  DC  for  operation. 

3.  The  ground  cooling  ejector  shutoff  valve  w?ll  open  when  the  landing  gear 
handle  is  in  the  position. 

4.  The  landing  gear  control  switch  is  mounted  on  the  


5.  The  ground  cooling  ejector  shutoff  valve  requires   

volts  DC  to  operate. 

6.  The  landing  gear  auxiliary  relay  is  energii3d  when  the  landing  ^ear 
handle  is  in  the  .  position. 
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On  Diagram  1,  locate  the  temperature  control  assembly,  tbe  turbine 
bypass  valve,  and  the  inlet  air  temperature  sensor.    These  units  function 
together  to  automatically  control  the  conditioned  air  temperature.  When 
the  temperature  of  the  negative  coefficient  sensor  changes,  it  directs  a 
signal  to  the  temperature  control  assembly,  the  temperature  control 
assembly  then  directs  a  28  volt  DC  signal  to  the  open  or  closed  side  of  the 
turbine  bypass  valve. 

Locate  the  altitude  pressure  switch.    Thir  unit  senses  a  difference  of 
atmospheric  pressure  between  two  altitudes,  above  25,000  feet,  and  below 
25,000  feet.    Whenever  the  aircraft  is  below  25,000  feet,  the  temperature  is 
increased  to  85  degrees  F  to  prevent  moisture  from  accumulating  on  the 
equipment.    Whenever  the  aircraft  is  above  25,000  feet  the  temperature  is 
decreased  to  AO  degrees  F  because  there  is  less  moisture  content  in  the 
atmosphere. 

Complete  statements  7  thru  15. 

7.  The  temperature  sensor  has  a    (negative/positive) 

coefficient  of  resistance. 

8.  An  increase  in  air  temperature  will  cause  the  temperature  sensor 
resistance  to  . 


9.    The  turbine  bypass  valve  is  operated  by  a    volt  DC  motor. 

10.    The  voltage  requirements  foi  operation  of  the  temperature  control  assembly 
are  and  . 


11.  The  temperature  control  assembly  contains    amplifiers 

and  transistors. 

12,  The  resistanc  lal  from  the  temperature  sensor  is  sent  to  the 


13.  When  the  aircraft  goes  above  25,000  feet,  the  equipment  system  temperature 
is      by  the  switch. 

14.  The  reason  that  a  higher  temperature  is  mair Gained  in  the  equipment 
compartments  below  25,000  feet  is  due  to  the  in  the  air, 

15.  The  altitude  pressure  switch  senses  _   pressure. 


On  Diagram  1,  locate  the  temperature  limiter  switch,  the  inlet  air 
temperature  limiter,  and  the  radar  CNI  cooling  off  lights.     The  inlet  air 
temperature  limiter  and  the  temperature  limiter  switch  work  together  to 
shutoff  the  air  conditioning  system  by  deenergizing  the  pressure  regulator 
and  shutoff  valve  solenoid,  and  to  warn  the  pilots  in  case  of  an  overheat 
condition  by  turning  on  the  CNI  cooling  off  warning  lights.     Also  loc'ite 
the  pilot's  reset  switches.    These  switches  are  used  to  reset  the  system 
after  an  overheat  condition. 

Look  at  the  temperature  limiter  switch.    The  temperature  limiter  switch 
ij  a  latch  type  relay  with  a  latching  coil  and  a  reset  coil.    The  inlet  air 
temperature  limiter  is  a  normally  open  thermoswitch  that  closes  at  150 
degrees  F.    When  the  inlet  air  temperature  limiter  closes  due  to  an  overheat 
condition  at  150  degrees  F,  it  completes  the  circuit  to  energize  the  latch 
coil,  thus  pulling  the  contacts  down.    When  the  temperature  drops  below 
150  degrees  F,  the  latch  coil  relay  will  deenergize,     ^he  eystem  must  be 
reset  manually  by  the  reset  switches.    Pressing  the  reset  switches  will 
energize  the  reset  coil;  when  the  top  or  reset  coil  is  energized,  it  sets 
up  an  opposing  magnetic  field  which  forces  the  contacts  up.    When  the  coils 
are  deenergized,  the  contact  levers  are  held  in  there  position  by  an 
over-center  spring-    This  means  that  when  the  contacts  are  pulled  to  one 
position  they  stay  in  that  position  until  the  opposing  magnetic  field  forces 
it  to  the  opposite  position. 

Note:  The  reset  coil  must  be  deenergized  before  the  latch  coil  can 
force  the  contacts  down.  Also  the  latch  must  be  deenergized  before 
the  reset  cuil  can  force  the  contact  levers  up. 

Complete  statements  16  thru  19. 

16.  When  the  latch  coil  is  energized,  the  temperature  limiter  switch  causes 

the  pressure  regulator  and  shutoff  valve  solenoid  to   

(energize/deenergize) . 

17.  The  units  that  make  up  the  overheat  warning  circuits  are  the  temperature 


18.    After  an  overheat  condition  has  occurred,  it  is  necessary  to  press  one 


temperature 


and  the 


warning 


lights. 


of  the 


switches  in  order  to  restart  the  air 


conditioning  system. 


19. 


The  inlet  air  temperature  limiter  is  a  normally 


thermoswitch. 
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Statements  20  thru  29  in  the  workbook  pertains  to  all  of  the 
components  on  the  diagram.    This  is  your  chance  to  check  your 
understanding  of  the  system.    Complete  statements  20  thru  29. 

20.  When  electrical  power  Is  applied  to  the  aircraft,  the  solenoid  on 
the  pressure  regulator  and  shutoff  valve  is  • 

21.  The  ground  cooling  ejector  shutoff  valve  is  controlled  by  the 

• 

22.  When  the  aircraft  is  below  2r  000  feet,  the  temperature  is  maintained 
at  degrees  F. 

23.  The  conditioner^  air  temperature  is  sensed  by  the  


24.    The  two  different  temperature  ranges  are  controlled  by  the 


25.  When  the  temperature    the  sensor  resistance 

will  decrease. 

26.  During  flight,  if  the  equipment  system  conditioned    ir  temperature 
exceeds  150  degrees  F,   (overheats),  the  pressure  regulator  and 

shutoff  valve  will  be  • 

27.  The  purpose  of  the  RADAR  CNI  COOL  OFF  lights  is  to  inform  the 
pilot  of  an   _  — ■  — • 

28.  An  overheat  condition  is  detected  by  the  


29.    The  latch  ^-oil  of  the  inlet  air  temperature  lindter  is  energized 
when  the  system   ,  

HAVE  YOUR  INSTRUCTOR  CHECK  YOUR  ANSWERS . 
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Section  2.    SYSTEM  OPERA  HON 


At  this  point,  you  will  start  tracing  the  electrical  circuits  used  for 
operation  of  the  equipment  air  conditioning  system.    You  will  start  by 
tracing  the  power  circuits,  the  landing  gear  circuits,  then  continue  to  the 
overheat  circuit,  reset  circuit,  and  then  to  the  temperature  control  circuit. 
You  will  trace  each  of  these  circuits  on  a  small  diagram  such  as  shown  in 
figure  1.    Tnen  you  will  be  required  to  complete  several  statements  pertaining 
to  that  circuit.    After  completion  of  the  lesson,  you  should  have  all  circuits 
traced  on  Diagram  1. 

When  tracing  circuits  to  the  components,  we  will  trcce  from  the  circuit 
breaker  to  the  components  ground.    This  is  not  necessarily  the  way  current 
flows,  buc  it  is  the  easiest  way  to  follow  the  path  of  current  flow,    as  you 
trace  each  circuit,  be  pure  to  consider  the  effect  that  an  open  or  short  would 
have  on  the  system,  as  you  will  be  required  to  accomplish  the  performance 
exercise  at  the  end  of  the  lesson. 
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The  diagram  in  figure  1  contains  the  circuits  that  are  energized 
when  power  is  applied  to  the  aircraft.    Use  your  red  pencil  and  trace 
from  the  115V  AC  equipment  cooling  circuit  breaker  to  pin  E  of  the 
temperature  control  assembly.    This  provides  AC  power  to  the  magnetic 
amplifier • 

Locate  the  28V  DC  Landing  Gear  circuit  breaker.    Trace  from  this 
circuit  breaker  to  pin  B  of  the  landing  gear  control  switch.     If  \:e  have 
'"he  aircraft  on  the  ground,  the  contacts  will  be  in  the  gear  down  position. 
Trace  through  the  switch,  out  pin  C  to  pin  Y  of  the  landing  gear  auxiliary 
relay,  then  trace  through  the  relay  to  ground.     This  energizes  the  relay, 
pulling  the  contacts  down.     If  the  aircraft  is  in  the  gear  up  position,  you 
will  have  power  up  to  pin  B  of  the  landing  gear  control  switch;  but  with 
the  contact  broken,  there  will  be  no  current  flow  to  pin  Y  of  the  landing 
gear  auxiliary  relay.     This  allows  the  contact  lever  to  go  up  and  the  ground 
cooling  sjector  shutoff  valve  will  close.    Go  back  to  the  28V  DC  equipment 
cooling  circuit  breaker.     Trace  from  this  circuit  breaker  to  junction  point 
D.    Then  trace  the  circuit  to  the  right  and  put  a  voltage  potential  at  the 
pilot's  reset  switches.    Return  to  junction  D  and  trace  to  junction  E. 
Trace  the  circuit  to  the  left,  to  pin  L  on  the  temperature  control  assembly. 
This  supplies  DC  power  to  the  HOT  and  COLD  transistors . 

Now  trace  to  the  right  to  point  F.    From  this  point,  trace  down  to  the 
contacts  of  the  inlet  air  temperature  limiter.     Current  cannot  go  through 
the  temperature  limiter  because  it  is  a  normally  open  thermoswitch.    Here  we 
have  only  a  voltage  potential.    Return  to  point  F  and  trace  up  to  point  G 
then  to  contact  C2  of  the  temperature  limiter  switch.     Trace  through  the 
contact  and  out  No  2  to  pin  A  of  the  pressure  regulator  and  shutoff  valve. 
Trace  through  the  solenoid  to  ground.    This  energizes  the  solenoid  and  the 
valve  will  open. 

Go  back  to  point  G  and  trace  up  to  pin  R  of  the  landing  gear  auxiliary 
relay.    As  you  remember,  when  the  gear  is  up  the  contact  of  the  landing  gear 
auxiliary  relay  is  up,  and  this  allows  the  current  to  flow  to  the  closed  side 
of  the  valve;  when  the  gear  is  down  this  energizes  the  landing  gear  auxiliary 
relay,  and  pulls  the  contact  down  allowing  the  current  to  flow  to  the  open 
side  of  the  valve.     This  will  allow  bleed  air  to  flow  through  the  ejector 
nozzles  for  more  efficient  ground  cooling.     Since  we  have  the  landing  gear 
relay  energized  and  the  contact  levers  do*m,  trace  from  pin  P  to  pin  P  and 
out  to  pin  A  of  the  ground  cooling  ejector  valve  and  out  to  ground. 

Locate  the  warning  light  circuit  breaker.     Trace  from  here  to  point  H 
then  to  the  temperature  limiter  switch  to  C3.    Trace  into  the  switch  contacts 
and  stop.    Go  back  to  point  H  and  trace  down  to  pin  C4  and  into  the  contacts. 
This  puts  a  voltage  potential  to  the  contacts  of  the  temperature  limiter 
switch.    When  an  overheat  condition  occurs,  current  will  flow  from  these 
contacts  to  the  overhead  warning  lights. 
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Circle  the  correct  answers  to  statement  1  thru  4,  then  referring  to 
Diagram  1,  complete  statements  5  thru  7.    After  completing  the  statements, 
trace  the  power  circuits  on  Diagram  1,  with  the  aircraft  on  the  ground. 

1.  Ground  cooling  ejector  shutoff  valve  (open/closed). 

2.  Landing  gear  auxiliary  relay  (energized/deenergized) . 

3.  Pressure  regulator  and  shutoff  valve  solenoid  (energized/deenergized) . 

4.  Temperature  limiter  switch  (energized/deenergized) . 
Refer  to  Diagrair  1,  to  complete  statements  5  thru  7. 

5.  An  open  in  wire  H53  '0  will  cause  th   

to  be  inoperative. 

6.  An  open  in  wire  number  G31A20  will  cause  the  

 to  stay  closed. 

7 .  An  open  in  wire  number  H48E20  will  cause  the  

  valve  to  be  inoperative  and 

also  the  ground  cooling  ejector  shutoff  valve  to  be  . 

On  Diagram  1,  use  your  red  pencil  and  trace  in  all  of  tht  circuits  that 
you  just  traced  on  figure  1. 
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Refer  to  figure  2  on  page  11.    This  diagram  shows  the  overheat  circuit. 
Remember,  if  the  temperature  of  the  air  going  to  the  equipment  compartments 
exceed  150  degrees  F,  the  overheat  circuit  will  turn  off  the  air  conditioning 
system  and  turn  on  the  warning  lights. 

When  tracing  the  power  circuits  on  figure  1,  you  traced  power  ud  to  the 
inlet  air  temperature  limiter.     In  an  overheat  condition,  the  contacts  of  the 
inlet  air  temperature  limiter  will  close.    The  contacts  are  drawn  closed  on 
figure  2.    With  the  contacts  closed,  current  can  flow  up  to  the  latch  coil, 
of  the  temperature  limiter  switch. 

Using  a  purple  pencil,  trace  this  circuit.    Current  flow  through  this 
circuit  will  energize  the  latch  coil,  bringing  the  ccrtacts  down.  These 
contacts  are  drawn  down.    Notice  that  this  opens  the  circuit  to  the  pressure 
regulator  and  shutoff  valve  solenoid  and  also  completes  the  circuits  to  the 
warning  lights. 

When  tracing  the  power  circuits  on  figure  2,  you  also  traced  power  up 
to  the  contacts  at  pins  C3,  and  C4  of  the  temperature  limiter  switch.  Starting 
at  pin  C3,  trace  through  the  contact  point  and  out  pin  N03  to  the  pilot's 
warning  light.    Go  back  to  the  temperature  limter  switch  at  pin  C4  and  trace 
through  the  contact,  out  pin  N04,  and  up  to  the  radar  pilot's  warning  light. 
This  turns  on  the  warning  lights  to  inform  both  pilot's  of  the  overheat 
condition. 

Complete  statements  8  through  12. 

8.    The  inlet  air  temperature  limiter  is  a  normally    thermoswitch. 


9.    The  inlet  air  temperature  limiter  (closes/opens)  at    degrees  F. 

10.  Wlien  the  inlet  air  temperature  limiter  closes,  it  energizes  the 
  coil  of  the  temperature  limiter  switch. 

11.  An  open  wire  number  H68G20  will  cause  the   to  be 

inoperative . 

12.  If  the  air  conditioning  system  is  inoperative  and  both  warning  lights 
"remain  on,  the  trouble  is  in  the   


or  an  open  in  wire  nunber 


or 
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When  the  latch  coil  is  energized,  it  pulls  the  contacts  down.  The 

contacts  will  stay  in  this  position  until  they  are  pushed  back  up  by 

the  reset  coil.    Notice  in  figure  1,  that  you  have  previously  traced 
power  to  the  pilot's  reset  switches. 

On  figure  3,  you  will  notice  thac  when  the  r*set  switches  are 
pressed,  the  inlet  air  temperature  limiter  is  deenergized  (the  system 
has  cooled  below  150  degrees  F)  but  the  contacts  are  still  down. 

Let's  see  how  we  reset  the  system.    The  reset  switches  are  drawn 
down  on  figure  3.    Using  a  purple  pencil,  trace  voltage  through  either 
of  the  reset  switches  (wire  numbers  H67C20  or  H67A20)  to  the  pin  marked 
RST  on  the  temperature  limiter  switch  and  through  the  reset  coil  to  ground. 

Current  flow  through  this  circuit  will  energize  the  reset  coil, 
throwing  the  contacts  up.    This  turns  off  .he  warning  lights  and  completes 
the  circuit  to  energize  the  pressure  regulator  and  shutoff  valve  solenoid. 
This  opens  the  pressure  regulator  and  shutoff  valve  and  also  closes  the 
ram  air  valve. 

Complete  statements  13  and  14. 

Refer  to  figure  3  to  complete  statements  13  and  14. 

13.    After  an  overheat  condition,  ?  must  be  pressed 

in  order  to  rer^rt  the  equipment  air  conditioning  system. 

1A.    When  either  reset  switch  is  pressed,  it  energizes  the   coil 

of  the  temperature  limiter  switch. 

On  Diagram  1,  use  your  purple  pencil  and  trace  all  of  the  circuits 
that  you  have  just  traced  on  figure  3. 

HAVE  YOUR  INSTRUCTOR  CHECK  YOUR  ANSWERS. 
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Figure  4.    Coefficient  Chart. 
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Section  3.    BRIDGE  CIRCUIT  OPERATION 


Let's  go  over  our  coefficient  chart,  figure  A,  and  see  what  happens 
above  and  below  25,000  feet. 

Below  25,000  feet,  our  system  is  to  maintain  85  degrees  F,  air  to  the 
equipment  bays  and  radar  package  (see  figure  A,  section  A),    At  85  degrees  F, 
we  have  a  balanced  bridge  so  the  system  is  at  its  proper  temperature  and  no 
air  is  called  for  from  the  system. 

What  happens  if  the       perature  increases  in  the  equipment  compartments? 
If  the  temperature  increases,  we  can  see  that  the  resistance  decreases, 
unbalancing  the  bridge  circuit  and  calling  for  cold  air  until  85  degrees  F 
is  reached  and  the  system  will  balance.     If  there  were  a  decrease  in  equipment 
temperature,  the  sensor  resistance  would  unbalance,  but  in  the  opposite  way 
that  it  did  when  the  temperature  increased.    The  air  conditioning  system  would 
send  air  to  the  equipment  bays  until  85  degrees  F  was  achieved  and  once  again 
the  bridge  woald  balance. 

The  equipment  air  conditioning  system  works  the  same  above  25,000  feet, 
but  instead  of  maintaining  85  degree  air  we  would  maintain  AO  degree  air 
(see  figure  A,  section  B) • 


Let's  look  at  how  the  Technical  Manual  explains  the  Temperature  Control 
Assembly . 


The  Temperature  Control  Assembly  is  a  magnetic  type  amplifier.  Changes 
in  resistance  due  to  changes  in  temperature  of  the  temperature  sensor  unbalance 
a  resistance  bridge  electrical  circuit*    This  unbalance  in  the  resistance 
bridge  results  in  changes  in  the  bridge  voltage  and  this  difference  is  amplified 
by  the  magnetic  amplifier.     The  amplified  signal  causes  a  solid  state  relay 
(transistor)  to  "Turn  ON11  for  a  duration  dependent  upon  the  error  signal  and 
applies  electrical  power  to  the  turbine  bypass  valve. 
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During  this  section,  while  tracing  all  diagrams,  refer  to  the  coefficien 
diagram,  figure  4,  section  A  for  below  25,000  feet  and  section  B  for  abo/e 
25,000  feet. 

We  will  start  with  figure  5.    Turn  to  this  diagram  in  your  workbook. 

On  the  blank  line,  write  in  balanced  bridge  and  in  the  parentheses 
write  in  Above  and  Below. 

The  block  around  the  sensor  indicates  the  equipment  bay  temperature. 
With  your  colored  pencils  color  half  of  the  block  red  and  half  the  block 
blue  to  indicate  a  proper  mixture  of  temperature.    As  you  know,  with  the 
proper  temperature  around  the  sensor,  we  have  a  balanced  bridge  circuit. 

Let's  follow  current  flow  in  a  balanced  bridge  circuit  and  see  what 
happens.    Draw  the  Altitude  Pressure  Switch  to  the  below  25,000  feet 
position. 

Using  an  orange  pencil,  start  at  the  ground,  junction  point  X.  Current 
will  flow  equally  in  two  directions,  we  will  go  up  to  the  left  first.  Trace 
from  ground  to  pin  A,  42P401  to  pin  A  of  the  sensor,  through  the  sensor 
and  out  ?>in  B,  continue  to  junction  point  C  to  the  left  to  pin  A,  4P413  of 
the  Altitude  Pressure  Switch  through  the  Pressure  Switch  and  out  pin  C  to 
pin  D,  42P401  then  to  junction  point  D,  up  through  Resistor  R3  to  point  E 
to  the  rectifier  circuit. 

Return  to  point  X,  trace  up  to  and  through  Resistor  R7  to  point  B, 
then  through  Resistor  R6  to  point  E,  then  to  the  rectifier  circuit 

With  the  circuit  drawn  as  shown,  we  have  equal  voltage  at  the  junction 
points  A  &  B  of  the  bridge,  this  means  there  will  be  no  current  flowing 
through  the  magnetic  amplifiers  and  they  will  not  conduct. 

Through  this  action,  the  system  will  maintain  85  degree  temperature. 
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Using  the  same  figure  5,  and  the  coefficient  diagram,  figure  4,  we 
will  trace  current  flow  through  this  circuit  above  25,000  feet.    Draw  the 
Altitude  Pressure  Switch  to  above  25,000  feet.    Using  a  yellow  pencil, 
9tart  at  point  X  and  up  to  pin  A,  42P401  and  up  to  pin  A,  through  the 
sensor  and  out  pin  B.    Trace  up  to  junction  point  C  to  pin  C  42P401  to 
junction  point  A  of  the  bridge.    Now  trace  upward  through  resistor  Rl  to 
junction  point  D  then  through  resistor  R3  to  point  E  co  power. 

Return  to  ground  and  trace  up  through  resistor  R7  to  point  B  and  then 
up  through  resistor  R6  to  point  E  to  power. 

Again  with  equal  voltage  at  junctions  A  &  B  of  the  bridge,  we  will 
have  no  current  flow  through  the  Magnetic  Amplifiers  and  again  neither 
amplifiers  will  conduct. 

With  the  Altitude  Pressure  Switch  in  the  Above  position  we  will  maintain 
40  degrees  temperature. 
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We  will  now  look  at  what  happens  when  the  temperature  in  the  equipment 
compartments  increases  below  25,000  feet. 

Using  figure  6,  on  the  blank  line  write  in  "COLD  SIGNAL"  and  in  the 
parentheses  write  in  "BELOW"  in  the  block  around  the  sensor,  indicating  the 
temperature  in  the  equipment  compartment,  using  your  red  pencil  color  in 
the  block. 

Again  using  your  coefficient  chart  Section  A,  we  see  that  the  tempe  -ature 
nas  increased  and  the  resistance  in  the  sensor  has  decreased.     Since  current 
takes  the  path  of  least  rasistanoe,  it  will  flow  through  the  sensor.  Let's 
trace  this  circuit. 

One  thing  to  remember  when  tracing  the  remaining  circuits,  as  current 
flows  through  the  Magnetic  Amplifiers,  the  first  one  traced  is  not  energized 
(it  turns  off)  and  the  second  one  you  trace  through  is  energized  (turned  on) . 

Using  your  blue  pencil,  start  at  ground  point  X  and  trace  to  pin  A, 
42P401  to  pin  A  of  the  sensor,  trace  through  the  sensor  and  out  pin  B  to 
point  C  to  pin  C  A2P401  to  point  A  of  the  bridge.    Now  trace  to  the  right 
through  resistor  R2  through  point  Y  to  the  Hot  Magnetic  Amplifier.  Again 
remember  this  is  the  first  Magnetic  Amplifier  we  will  trace  through  so  it 
will  "Turn  OFF;"  trace  from  this  to  the  cold  Magnetic  Amplifier.     The  Cold 
Magnetic  Amplifier  is  the  second  Magnetic  Amplifier  we  will  trace  through  so 
it  will  "Turn  ON." 

This  will  allow  the  system  to  decrease  in  temperature  until  85  degrees 
is  reached. 

Trace  to  point  B  of  the  bridge  and  up  through  Resistor  R6  to  point  E  to 
power. 
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Figure  7. 
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We  have  traced  a  balanced  bridge  and  a  cold  signal  below  25,000  feet. 
Let's  look  at  how  current  flows;  for  a  hot  signal  below  25,000  feet. 

Look  at  your  coefficient  chart,  and  usjig  figure  7  on  the  blank  line 
write  in  HOT  SIGNAL  and  in  the  parentheses,  write  in  BELOW.    We  now  have  a 
low  temperature  in  the  equipment  bay,  so  color  the  block  around  the 
sensor  Blue  to  indicate  this  temperature. 

Let's  trace  this  circuit. 

Using  a  green  pencil,  start  at  point  X.    Again,  becauae  of  the  high 
sensor  resistance,  current  will  flow  up  to  th°  right  through  resistor  R7  to 
point  B,  from  here  ^t  will  flow  tc  the  left,  first  thioyfe    the  Cold  Magnetic 
Amplifier  (turning  it  OFF)  then  thiou^h  the  Hot  Magnecit      plifier  (Turning 
it  ON)  tc  point  Y,  from  point  Y  through  resistor  R2  to  r         A,  down  to  pin  C 
of  42P401  to  point  C  to  the  lfcft  to  pin  A  of  the  Altituc    Ptesstre  Switch. 
Since  we  are  below  25,000  feet,  draw  the  contact  to  the  below  position  to 
pin  C  of  4P413.    Continue  to  trace  through  to  pin  D  of  42P401  and  continue 
on  to  point  D,  then  up  through  resistor  R3  tc  point  E  to  oower. 

Since  we  turned  the  Hot  Magnetic  Amplifier  ON,  we  vill  get  hot  air  from 
the  system  urtil  we  reach  85  degrees  F,  once  again  balaucing  the  bridge. 
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We  have  seen  how  current  flows  when  the  bridge  is  balanced  in  the 
above  or  below  position.    We  have  also  traced  current  flow  for  our  Hot 
and  Cold  signals  in  the  below  25,000  feet  position  and  saw  how  we 
maintain  85  degrees  F  air. 

We  also  know  that  while  tracing  current  flow  in  the  automatic  equipment 
temperature  control  bridge  that  the  first  magnetic  amplifier  we  trace 
through  will  "Turn  OFF11    and  the  second  one  we  trace  through  will  "Turn  ON. 11 
Another  item  to  remember  is  if  the  resistance  in  the  sensor  decreases, 
current  will  flow  through  the  sensor,  and  if  the  resistance  in  the  sensor 
increases,  current  will  not  flow  through  the  sensor. 

We  are  now  going  to  look  at  what  happens  when  the  aircraft  ascends 
above  25,000  feet.     From  our  previous  text  we  know  that  we  maintain  a  AO 
degree  F  temperature  because  of  the  moisture  factor. 

Let's  see  how  our  system  responds  above  25,000  feet. 
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Using  figure  8  and  section  B  of  your  coefficient  chart,  figure  4, 
let's  trace  current  flow  for  a  Cold  signal,  above  25,000  feet. 

First,  on  the  blank  line,  write  in  "Cold  Signal"  and  in  the  parentheses 
write  in  "Above." 

Using  your  red  pencil,  color  the  box  around  the  sensor  to  indicate  an 
increase  In  equipment  bay  temperature  which  gives  us  a  low  sensor  resistance. 

Now  using  your  blue  colored  pencil,  start  at  point  X  (ground),  trace  to 
pin  A  of  A2PA01  to  pin  A  of  the  sensor,  trace  through  the  sensor  and  out  to 
pin  B,  to  point  C.    Trace  to  the  left  to  pin  A  of  APA13  of  the  Altitude 
Pressure  Switch.    Draw  the  contact  to  the  Above  position.    Continue  tracing 
through  the  Altitude  Pressure  Switch,  out  pin  B  to  pin  G  of  A2PA01  and  on  to 
point  Y.    Now  to  the  right  to  the  Hot  Magnetic  Amplifier  (Turning  it  OFF) 
then  to  the  Cold  Magnetic  Amplifier  (Turning  it  ON).    Trace  on  to  point  B,  up 
to  and  through  resistor  R6  to  point  E  to  power. 

When  the  Cold  Magnetic  Amplifier  conducts,  it  allows  the  turbine  bypass 
valve  ^o  run  cold  until  we  reach  a  temperature  of  AO  degrees  F  and  balancing 
the  bridge. 
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This  will  be  the  last  of  our  Basic  Bridge  circuits. 

Using  figure  9  aiid  section  B  of  your  coefficient  chart,  figure  4, 
let's  trace  current  flow  for  a  Hou  Signal,  Above  25,000  feet. 

First,  on  the  blank  line  write  in  "Hot  Signal*   and  in  the  parentheses 
write  in  "Above. 11 

Using  your  blue  pencil,  color  in  the  block  around  the  sensor  to 
indicate  a  decrease  in  equipment  bay  temperature,  which  gives  us  a  high 
sensor  resistance.     (Now  remember,  with  a  high  resistance,  current 
will  not  flow  through  the  sensor.) 

Now,  using  your  green  pencil,  start  at  point  X,  trace  up  thiough 
resistor  R7  to  point  B,   then  to  the  left  through  the  Cold  Magnetic  Amplifier 
(Turning  if  OFF)  then  through  the  Hot  Magnetic  Amplifier  (Turning  it  ON) 
then  to  point  Y.     Now  trace  down  and  to  the  left  to  pin  G  of  42P401  to 
pin  B  of  the  Altitude  Pressure  Switch  and  up  to  pin  A.     Now  trace  to  point 
C,  and  up  to  pin  C  of  +2P401  to  point  A.     Continue  through  resistors  Rl 
and  R3  to  point  E  up  to  power. 

When  the  Hot  Magnetic  Amplifier  conducts,  this  allows  the  Turbine 
Bypass  Valve  to  run  Hot  until  we  reach  a  40  degree  temperature,  and  once 
again  balancing  the  bridge. 
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We  have  seen  how  our  basic  bridge  circuit  works  in  the  Above  and 
Below  25,000  feet  position  with  both  cur  Hot  and  Cold  signals. 

Turn  now  to  figure  10  on  page  30. 

As  you  can  see  on  this  diagram,  we  have  basically  the  same  diagram 
that  we  have  already  traced,  with  the  addition  of  the  Hot  and  Cold 
transistors,  next  to  the  respective  Magnetic  Amplifier,  we  have  also 
included  the  turbine  bypass  valve. 

You  can  also  see  that  when  using  any  one  of  the  basic  bridge  diagrams, 
current  flow  will  energize  either  the  Hot  or  Cold  Magnetic  Amplifiers. 
When  the  Magnetic  Amplifier  is  "Turn  ON"  it  will  in  turn  "Turn  ON"  the 
respective  transistor.    For  example,  look  back  to  figure  8,  (you  can 
do  this  with  any  of  the  basic  bridge  diagrams).    You  remember,  that  as 
temperature  goes  up,  resistance  goes  down.     Current  will  now  flow  through 
the  sensor  and  through  the  magnetic  amplifiers,  energizing  the  Cold 

With  this  magnetic  amplifier  energized,  this  allows  the  Cold  transistor 
to  conduct.    Remember  that  both  the  Hot  and  Cold  transistors  have  28V  DC 
waiting  to  be  used.    Now  with  the  Cold  transistor  conducting,  this  allows 
that  28V  DC  to  flow  to  the  Cold  side  of  the  turbine  bypass  valve.    The  valve 
will  run  to  the  Cold  position  until  the  proper  temperature  is  achieved. 
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We  have  traced  the  landing  gear,  reset,  overheat,  and  the  automatic 
temperature  control  circuits. 


We  have  already  traced  normal  system  operation.    We,  as  Aircraft 
Environmental  System  Mechanics  not  only  must  know  how  a  system  works  but 
also  how  to  detect  malfunctions  and  their  causes. 

In  this  section,  we  will  analyze  the  malfunctioning  system  and  isolat 
the  problem  for  repair.    We  will  take  one  problem  per  system  (landing  gear 
reset,  etc)  and  after  we  gc  through  the  troubles,  you  will  be  required  to 
do  the  performance  exercises  at  the  end  of  each  frame. 

After  completion  of  the  Performance  Exercises,  you  will  be  required 
to  do  the  performance  test  at  the  back  of  the  workbook. 
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PERFORMANCE  EXERCISE 


Listed  on  pages  33     trough  40  are  14  questions  pertaining  to  the 
wiring  diagram  you  have  just  completed.     Follow  the  directions  for  each 
part. 

If  we  put  the  landing  gear  handle  in  the  gear  down  position,  and  the 
ground  cooling  ejector  shutoff  valve  remained  in  the  closed  position,  what 
would  be  the  probable  cause? 

We  knew  that  when  the  landing  gear  handle  is  in  the  gear  down  position, 
it  allows  power  to  the  landing  gear  auxiliary  relay  which  pulls  the  contact 
lever  down  and  the  ground  cooling  ejector  shutoff  valve  opens  for  ground 
cooling. 

If  wire  //G31A20  were  open,  see  Diagram  1,  we  can  see  that  we  would  not 
have  any  voltage  potential  at  the  landing  gear  auxiliary  relay.    With  no 
power  at  the  relay,  the  contact  lever  would  remain  up.     This  would  allow 
the  valve  to  stay  in  the  closed  position. 

Complete  statements  1  and  2. 

1.  An  open  in  wire  //H61B20  would  cause  the  ground  cooling  ejector  shutoff 
valve  to  (open/close). 

2.  If  the  landing  gear  control  switch  were  shorted,  the  ground  cooling 
ejector  shutoff  valve  would  be  (open/closed). 


We  know  that  when  the  equipment  air  conditioning  system  overheats, 
the  temperature  limiter  makes  contact  and  energizes  the  latch  relay. 
This  in  turn  pulls  the  three  contact  levers  down  in  the  temperature 
limiter  switch. 

You  can  see  that  a  malfunction  in  the  overheat  circuit  would  have 
serious  consequences* 

If  we  had  an  open  in  wire  number  H48D20,  see  diagram  1,  we  can  see 
that  we  would  not  get  power  through  the  temperature  limiter  even  in  an 
overheat  condition.    With  an  open  in  this  wire,  the  system  would  overheat, 
the  limiter  would  latch,  but  the  latch  coil  in  the  temperature  limiter 
switch  would  not  energize  and  the  contacts  would  stay  in  the  up  position. 
With  this,  the  pressure  regulator  and  shutoff  valve  would  not  deenergize, 
the  warning  lights  would  not  come  on  and  the  system  would  continue  to 
overheat.    We  could  damage  the  equipment  (radar,  air  data  computers,  etc) 
due  to  high  temperature. 

Complete  statements  3  and  4, 

3,  If  the  equipment  air  conditioning  system  shows  an  overheat  condition 
when  power  is  applied  to  the  aircraft,  the  probable  cause  could  be  an 

(open/shorted)    inlet  air  temperature  limiter, 

4.  The  equipment  air  conditioning  system  overheats,  but  the  latch  relay 
does  not  engergize.    Which    three  wires  could  cause  this  indication? 

(Wires   or   5 
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We  now  know  that  when  the-  equipment  air  conditioning  system  overheats, 
the  system  shuts  down  and  the  warning  lights  come  on.    After  an  overheat 
condition,  the  pilot  or  radar  pilot  must  be  able  to  reset  the  system  tc 
continue  his  mission,  but  he  cannot  continue  his  mission  i.*  the  equipment 
system  will  not  reset. 

Let's  looK  at  an  open  wire  in  the  reset  system  and  what  aff   .t  it  would 
have  on  the  s*'  tern. 

We  know  what  after  an  overheat,  the  pilot  or  radar  pilot  must  press  a 
reset  button.    This  allows  power  to  flow  from  the  equipment  cooling  28V  DC 
c.cuit  breaker,  through  the  reset  switches  (eitUr  one)  to  the  reset  relay 
to  ground. 

If  we  had  an  open  in  wire  numbet  H67A20,  we  can  see  tha.  this  would  not 
allow  power  to  the  reset  relay  and  would  not  allow  the  system  to  reset. 

If  the  pilot  or  ttr*  radar  pilot  cannot  reset  the  system,  there  will  be  no 
air  going  to  the  equipment  air  conditioning  system  because  there  would  be  no 
power    o  the  pressure  regulator  and  shutoff  valve  and  it  vould  be  deenergized 
closed. 

Complete  statements  5  and  6. 

5.  If  we  had  an  open  in  wire  number  H48r20,  which  reset  switch(s)  would  be 
inoperative?     (Pilot1  s 'Rarlar  Pilot1  s/Both) 

6.  If  we  had  an  open  in  wire  number  H67C20,  which  reset  switch(s)  would  be 
inoperative?     (Pilot's/Radar  Pilot's/Loth) 
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We  have  looked  at  how  we  can  detect  malfunctions  in  the  ground  cooling, 
overheat  and  reset  circuits,  but  what  about  the  temperature  control  circuits? 

The  temperature  control  on  the  equipment  air  conditioning  system  is, 
as  we  know  fully  automatic.    We  also  know  that  to  make  this  system  work 
correctly,  we  must  have  a  proper  resistance/temperature  ratio. 

You  have  to  understand  that  in  our  bridge  circuit  we  have  a  balance 
or  an  imbalance  of  resistance  to  maintain  our  required  temperature.  For 
example,  a  balanced  bridge  circuit  would  be  one  with  a  proper  resistance/ 
temperature  ratio  (85  degree  F  or  40  degree  F  above) . 

If  the  temperature  increases  around  the  sensor,   (see  figure  6)  the 
resistance  in  that  sensor  would  decrease;  we  now  have  a  high  temperature- 
low  resistance  or  an  imbalance  in  the  bridge.    With  th5°  imbalance,  the 
ccld  magnetic  amplifier  will  conduct  and  we  will  receive  cold  air  from  the 
turbine  bypass  valve  until  we  achieve  the  proper  temperature  and  resistance 
desired  (85  below  or  40  above) .    The  equipment  air  conditioning  system  is 
constantly  balancing  or  unbalancing  to  maintain  our  temperature. 

Complete  statempr.^s  7  and  8. 

Circle  correct  *>iiswer. 

7.  With  the  aircraft  below  25,000  feet  and  an  equipment  bay  temperature  of 

85  degrees  F,  we  will  have  a  (balance/unbalance)  in  our  bridge  circuit. 

8.  With  the  aircraft  below  25,000  feet,  an  equipment  bay  temperature  of 

86  degrees  F  and  the  turbine  bypass  valve  running  cold,  we  will  have  a 
(balance/unbalance),  in  our  bridge  circuit:. 
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In  our  equipment  air  conditioning  system,  we  can  see  that  it  takes  a 
constant  balance  or  imbalance  to  keep  our  system  functioning  at  its 
proper  temperature . 

What  happens  if  we  have  a  constant  imbalance  in  the  system? 

Let's  look  at  what  will  happen  to  our  system  when  we  have  an  open  in 
one  of  our  wires  to  or  from  the  sensor  or  in  the  sensor  itself,  (see  figure 
11). 

We  know  that  if  we  have  an  open  in  a  circuit  we  will  have  a  constant 
high  resistance,   (it  will  read  infinity  on  the  multimeter).    With  this 
constant  high  resistance,  current  will  flow  as  indicated  by  the  heavy  line 
(in  figure  11).    The  bridge  circuit  will  be  at  a  constant  imbalance.    We  can 
see  from  the  diagram  that  if  we  have  a  high  resistance  in  the  sensor  circuit 
it  will  cause  the  hot  magnetic  amplifier  to  conduct.    We  know  that  when  the 
magnetic  amplifier  conducts  it  will  allow  voltage  to  flow  through  the 
corresponding  transistor,  which  in  turn  allows  the  valve  to  run  hot. 

If  we  have  a  Full  High  resistance,  it  will  conduct  the  hot  magnetic 
amplifier  All  Of  Th»  Time  and  the  valve  will  run  Full  Hot! 

Complete  statements  9  and  10. 

Circle  the  correct  answer. 

9.    An  open  in  any  circuit  will  read  (high/low)  resistance  on  a  multimeter. 

10.    An  open  Ln  a  wire  to  the  sensor  will  cause  the  turbine  bypass  valve  to 
travel  full  (hot/cold) . 
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We  know  that  an  open  in  our  sensor  circuit  will  cause  a  full  hut, 
but  what  happens  with  a  shorted  sensor? 

Remember  that  with  a  short,  we  will  have  a  constant  low  resistance 
(it  will  read  0  on  the  multimeter).    With  this  constant  low  resistance, 
current  will  flow  as  indicated  by  the  heavy  line  (figure  12),  the  bridge 
circuit  will  be  at  a  constant  imbalance,  but  this  time  it  will  unbalance 
in  the  opposite  direction.    We  can  see  from  the  diagram  that  if  we  have  a 
low  resistance  in  the  sensor  circuit  it  will  c.vuse  the  cold  magnetic  amplifier 
to  conduct.    We  know  that  when  the  magretic  amplifiers  conduct  they  allow 
current  to  flow  through  the  corresponding  transistor,  which  in  turn  allows 
the  valve  to  run  cold. 

If  we  have  a  Full  Low  resistance  it  will  conduct  the  cold  magnetic 
amplifier  ALL  OF  THE  TIME  and  the  turbine  bypass  valve  will  run  FULL  COLD. 

Complete  statements  11  and  12. 

Circle  the  correct  answer. 

11.  A  short  in  any  circuit  will  read  a  (low/high)  resistance  on  a  multimeter. 

12.  A  short  in  the  wires  to  the  sensor  will  cause  the  turbine  bypass  valve  to 
travel  full  (hot/cold). 
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We  now  know  that  with  a  Full  High  or  Low  resistance  we  will  get  a 
Full  Hot  or  Full  Cold  signal  (respectively)  to  the  Turbine  Bypass  Valve. 

What  would  happen  if  the  Hot  or  Cold  Magnetic  Amplifier  conducted  but 
the  valve  did  not  open  or  close?    This  would  be  a  NO  HOT  or  NO  COLD, 

This  could  be  caused  by  an  open  between  the  Hot  or  Cold  Transistors 
and  the  Turbine  Bypass  Valve.    See  Diagram  1. 

NOTE  TO  REMEMBER 

Keep  in  mind,  there  is  a  distinct  difference  between  a  FULL  hot  and  a 
NO  cold  or  a  FULL  cold  and  a  NO  hot. 

Remember,  any  time  you  have  a  Full  Hot  or  a  Full  Cold  you  will  have  an 
open  or  a  short  (respectively)  in  the  bridge  circuit  (Sensor,  Controller,  or 
wires  connecting  the  two) . 

Any  time  you  have  *  NO  Hot  or  a  NO  Cold,  you  will  have  an  open  in  the 
valve  or  the  wires  to  twe  valve. 

Complete  statements  13  through  14.    Circle  the  correct  answer. 

13.  An  open  in  the  sensor  would  give  the  system  (Full/NO)  (Hot/ Cold). 

14.  A  shorted  sensor  would  give  the  system  a  (Full/NO)   (Hot /Cold). 

HAVE  YOUR  INSTRUCTOR  CHECK  YOUR  ANSWERS. 
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PERFORMANCE  TEST 

Note:  Use  Diagram  1  to  complete  the  responses  for  the  10  discrepancies 
listed  below.  You  must  achieve  80  of  the  100  points.  Each  answ 
is  worth  4  points. 


#  TROUBLE 

CAUSE 

When  the  Landing  Gear  Handle  in  the 
1.   (jLAK  UUWIM  posi Lion,   luc  gtuunu 
cooling  ejector  valve  will  not 
open,  but  will  close. 

Open  wire  numbers,                    >  1 

When  the  equipment  air  conditioning 
system  temperature  exceeuo  r, 
2.  the  pressure  regulator  and  shutoff 
valve  closes,  but  the  warning  lights 
do  not  come  on. 

Open  wire  number                         •  1 

The  turbine  bypass  valve  is 
^  inoperative,  the  pressure 
"  regulator  and  shutoff  valve 
operates  normally* 

Open  wire  numbers                     »  j 

After  an  overheat  condition  the 
4,  system  cannot  be  reset,  by  the 
pilot. 

On  on        Vf>  numbers                          •  1 

With  the  engines  operating 
there  is  no  airflow  through 
5.  the  equipment  air  conditioning 
system.    All  other  valves 
operate  normally. 

up  en  wire  nuinucia                        »  i 
 J 

6.  The  turbine  bypass  valve  runs  to 

trie  rUll  not  position. 

Sensor  (Open/Shorted)  (Open/Shorted 1 
wires                         »  1 

7.  The  turbine  bypass  valve  runs  to 
the  Full  Cold  position. 

Sensor  (Open/Shorted) (Open/ Shorted) 
wires                              »  \ 

8.   The  turbine  bypass  valve  will  not 

Open  wire  number 

go  Hot. 

The  equipment  air  conditioning 
temperature  exceeds  150°F,  but 
9.   the  pressure  regulator  and  shutoff 
valve  will  no;  deenergize  and  the 
warning  lights  do  not  come  on. 

Open  wire  numbers  » 

»                              *  I 

10.  The  turbine  bypass  valve  will  nor 
go  Cold. 

Open  wire  number 
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FIGHTER  EQUIPMENT  COOLING  SYSTEM 

OBJECTIVE 

Relate  a  minimum  of  S  out  of  10  equipment  cooling  system  components 
to  their  operation. 

INFORMATION 

The  equipment  cooling  system  is  used  for  just  what  the  name  implies  - 
cooling  equipment.    This  is  accomplished  either  by  free  convection  or  * y 
forced  air  cooling.    Letfs  talk  about  the  forced  air  method  first. 

Some  components  generate  excessive  amounts  of  heat  during  operation. 
These  components  must  be  forced  air  cooked.    Forced  air  cooling  is 
accomplished  by  forcing  cold  air  through  ducts  leading  directly  into  the 
components.    This  air  will  range  in  temperatures  of  0°F  to  35°F. 

The  size  of  the  component  will  determine  the  amount  of  air  going 
into  the  component.    With  a  temperature  of  35°I-  going  into  the  component, 
and  with  the  amount  of  heat  generated  by  this  component,  discharge 
temperature  of  the  air  coming  out  of  the  component  should  be  maintained 
at  140°F.    This  is  a  105°  temperature  increase. 

A  temperature  of  140°F  is  maintained  by  the  electronic  cooling 
sensor/controller  and  the  electronic  cooling  modulating  valve.  (This 
valve  is  controlled  by  the  sensor /controller.)    The  electronic  sensor/ 
controller  is  mounted  to  the  cooling  air  supply  duct  and  receives  a 
"sample11  portion  of  the  cooling  air  going  through  the  duct.     Inside  the 
sensor  controller  is  a  heating  element,  valve  control  sensor,  low  flow 
sensor,  and  an  overheat  sensor.    As  the  "sample"  portion  of  the  air  goes 
into  the  sensor/controller  it  is  heated  by  the  heating  element.  This 
heating  element  simulates  the  heat  load  of  the  equipment.    After  being 
heated,  the  air  passes  over  the  two  sensors. 

The  valve  control  sensor  senses  the  temperature  of  the  heated  air. 
Remember,  we  are  trying  to  maintain  a  discharge  temperature  of  140°F. 
If  Ihe  discharge  temperature  is  too  high  (over  140°F)  the  valve  control 
sensor  will  sense  the  higher  temperature  and  send  a  signal  to  the 
electronic  cooling  modulating  valve.    This  will  cause  the  modulating  valve 
to  open  a  few  degrees.    By  opening  the  valve  a  few  degrees,  you  are  going 
to  increase  the  flow  of  air  through  the  cooling  air  supply  duct.  This 
wjll  also  increase  the  amount  of  air  going  across  the  heating  element. 
With  an  increase  in  the  air  flow  across  the  heating  element,  the  temperature 
of  the  discharge  air  will  decrease. 
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Now  what  happens  if  the  temperature  decreases  too  much  (below  140°F)? 
If  this  happens,  the  valve  control  sensor  will  sense  the  decrease  and 
once  again  send  a  signal  to  the  modulating  valve.    This  signal  will 
cause  the  valve  to  close  a  few  degrees* 

By  closing  the  modulating  valve  a  few  degrees,  you  are  going  to 
decrease  the  amount  of  air  flow  going  through  the  supply  duct  and  also 
decrease  the  amount  of  air  going  across  the  heating  element. 

With  a  decrease  in  the  flow  of  air  going  across  the  heating  element, 
the  discharge  temperature  will  increase. 

Remember,  the  valve  control  sensor  controls  the  opening  and  closing 
of  the  valve. 

After  the  "sample11  portion  of  the  cooling  air  supply  has  passed 
over  the  heating  element  and  the  valve  control  sensor,  it  goes  over  the 
low  flow  sensor. 

The  low  flow  sensor  senses  the  t^oerature  of  the  discharge  air  also. 
Its  purpose  is  to  detect  a  low  flow  ot  air  going  through  the  supply  duct. 
Don't  forget,  the  sensor /controller  senses  a  "sample11  portion  of  the 
same  air  that  is  going  through  the  covMng  air  duct.    The  more  air  flow 
going  through  the  duct,  the  more  air  flow  goes  through  the  sensor/controller. 

So,  if  the  low  flow  sensor  detects  a  low  flow  of  air,  what  is  going 
to  happen  to  the  temperature  of  the  air  going  through  the  sensor  controller. 

The  slower  the  air  flow  going  across  the  heating  element,  the  more 
time  it  will  have  to  heat  up  the  air. 

Now,  if  the  temperature  of  the  air  goes  above  140°F,  the  modulating 
valve  is  supposed  to  open.    This  will  increase  the  flow  of  air  going  across 
the  heating  element.    By  increasing  the  flow  of  air  across  the  heating 
element,  you  should  decrease  the  discharge  temperature  of  the  air. 

But  what  if  the  discharge  temperature  continued  to  increase?  The 
discharge  temperature  is  supposed  to  be  maintained  at  140°F. 

If  the  temperature  of  the  discharge  air  rises  to  155 °F  or  more, 
you  have  an  overheat  situation. 

This  overheat  is  basically  saying  that  you  do  not  have  enough  air 
going  through  the  system  (low  flow). 

If  the  temperature  does  reach  a  155°F,  the  low  flow  sensor  will  send 
a  signal  to  energize  the  environmental  control  relay.    This  will  pull  an 
armature  down,  completing  a  power  circuit  to  the  "equipment  hot11  light. 

You  should  keep  in  mind  that  there  are  only  two  ways  to  get  an 
overheat  light. 

1.  Excessive  temperature 

2.  Insufficient  airflow         169  / 


Anytime  an  equipment  hot  light  comes  on,  Lhere  are  several  things 
the  p-f 1  ot  can  do. 

1.  He  can  increase  engine  power  setting,  which  will  increase  the 
air  source  volume  and  pressure. 

2.  He  can  turn  off  all  nonessential  equipment.    This  will  reduce 
the  equipment  heat  load. 

3.  The  pilot  can  position  the  defog  lever  to  the  3/4  forward 
position.     Because  of  the  size  of  the  defog  nozzle  a  back  pressure  will 
be  created,  making  more  air  available  to  the  equipment. 

One  of  the  biggest  uses  of  cooling  air  is  the  radar.    Anytime  an 
equipment  hot  light  comes  on,  power  to  the  radar  transmitter  is 
automatically  cut. 

Now,  lets  talk  about  the  free  convection  method  of  cooling. 

This  method  is  used  where  there  is  not  as  much  heat  generated  among 
the  components. 

Cold  air  for  the  free  convection  method  of  cooling  is  tapped  off  of 
the  cooling  turbine  (expansion  side). 

After  being  tapped  off  of  the  turbine,  it  travels  up  to  the  cold 
air  shutoff  valve. 

The  cold  air  shutoff  valve  is  controlled  by  the  cold  air  thermostatic 
valve. 

The  cold  air  thermostatic  valve  is  a  liquid-charged  bellows  type 
thermostat.    The  bellows  will  expand  or  contract  depending  upon  the 
temperature. 

At  a  temperature  of  140°F  to  150°F,  at  14.7  psia  the  bellows  will 
expand,  opening  the  servo  airport  and  sending  air  to  the  open  side  of  the 
shutoff  valve. 

At  an  atmospheric  pressure  of  1.69  psia,   (this  is  equivalent  to 
50,000  ft  altitude)  the  bellows  will  open  at  a  temperature  of  90°-100°F. 

The  reason  for  the  low  temperature  (90°-100°F)  at  this  altitude  is 
that  the  bellows  has  already  expanded  due  to  low  outside  temperature  and 
pressure.     So  it  will  not  take  as  much  temperature  to  expand  the  bellows 
at  high  altitudes. 

Also,  on  the  cold  air  thermostat  you  will  find  a  Mpress-to-testn 
button.     This  provides  a  way  for  you  to  test  the  operation  of  the  cold 
air  shutoff  valve  (open/close  movement). 

By  pushing  the  button,  you  will  be  sending  servo  air  straight  to  the 
cold  air  shutoff  valve,  causing  it  to  open.     Remember,  it  is  spring-loaded 
closed. 

Releasing  the  button  will  stop  the  servo  air,  allowing  the  valve  to 
close.  3 
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EQUIPMENT  COOLING  TESTER  INTERFACE 


To  pr^p^rly  croubleshoot  the  equipment  cooling  3ystem,  you  must 
first  know  how  to  us-,  the  LuS  tester. 

The  TO  will,  of  course,  explain  step-by-step  procedures  for 
t rouol ^shooting  the  equipment  system.     It  will  also  tell  you  what 
'e -Ti  +  i  jmi  test  you  must  perfom  and  how  to  set  up  the  tester. 

.  a ,  c        if  you  can  set  up  the  tester  as  specified  by  the  TO,  do 
-  -<u  Know  vh'  t:  is  taking  place? 

Let's  go  over  some  of  the  different  tests  and  find  out  what  is 
taking  place. 

Fir^*~«     ,ie  avionic  cooling  knob. 

By  placing  the  avionic  cooling  knob  in  the  "Norm"  posits     ,  you 
will  be  taking  a  voltage  reading  from  the  equipment  cooling  co-  :rol  valve 
(voltage  going  into  the  valve).     This  reading  will  be  displayed  on  the 
multimeter  display  on  the  tester. 

The  controller  output  will  vary  from  zero  volts  (valve  full  open) 
to  25  ma  (valve  full  closed).     During  norraal  ground  operation  the  valve 
should  be  near  full  open.     This  would  give  a     iltimeter  display  reading 
of  from  zero  to  8  volts. 

Another  position  of  the  avionic  cooling  knob  is  the  "Hi-temp" 
position. 

In  the  hi-temp  position  you  T*'U  once  again  be  taking  a  reading  of 
the  voltage  going  to  the  valve  motor  of  the  equipment  cooling  control 
valve. 

At  the  same  time  it  will  :ie  e  17  Kohen  resistor  into  the  water 
separator  anti-ice  circuit.    This  resistor  will  create  a  high  resistance, 
making  the  water  separator  anci-ice  sensor/controller  think  the  system  too 
cold.    Th^  sensor /controlxar  will  signal  for  hot  air.    By  signaling  for 
hot  air,  the  temperature  of  the  air  going  to  th^  equipment  will  increase. 
Voltage  to  the  equipment  cooling  valve  will  decrease  as  the  valve  spring- 
loads  open,  increasing  the  flow  of  air  into  the  system. 

The  avionic  cooling  knob  can  a] so  be  placed  in  the  "open"  or  "closed" 
position.     (Both  positions  will  be  discussed  separately.) 

First,  we  will  talk  about  the  "close"  position. 

When  in  the  "close"  position,  you  are  checking  the  closing  of  the 
equipment  cooling  modulating  valve  and  also  the  overheat  circuit. 

By  placing  the  avionic  cooling  knob  in  the  "close"  position,  and  by 
holding  the  valve  close  switch  in  the  "avionic  clg"  position  you  will 
complete  a  circuit  going  to  the  equipment  cooling  modulating  valve.  This 
will  send  28  VDC  power  to  the  valve  causing  it  to  go  to  the  almost  full 
close  position.     (It  will  never  fully  close.) 
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^>  awany  luxiy  closing  the  valve,  you  *ill  decrease  the  amount  of 
aii»  flow  going  through  the  cooling  air  *  supply  duct.    What  is  going  to 
happer  when  air  tlow  decreases?    Is  this  going  to  have  any  effect  on  the 
discharge  temperature  of  the  "sample"  air  going  through  the  electronic 
cooling  sensor/coatroller?    You  should  remember  from  the  equipment  cooling 
section  that  when  air  flow  through  the  cooling  air  Hluct  decreases,  then 
he  air  flow  through  the  sensor/controller  is  going  to  slow  down.  That 
means  the  heating  element  will  be  able  to  increase  the  amount  of  ai*' 
that  it  can  heat.    This,  of  course,  will  increase  the  temperature  of  the 
discharge  air. 

Approximately  15-50  seconds  after  the  equipment  cooling  valve  closes, 
the  equipment  hot  light  on  the  pilot  caution  light  panel  and  the  equipment 
hot  light  on  the  tester  should  come  on  indicating  an  overheat  (155CF). 
Ycu  should  also  notice  a  pressure  drop  at  T.P.  50  because  of  the  equipment 
cooling  valve  going  to  the  near  full  close  position. 

In  the  "open"  position  you  are  basically  checking  the  opening  of  the 
equipment  cooling  valve. 

This  is  done  by  placing  the  avionic  cooling  knob  in  the  "open" 
position. 

When  the  avionic  knob  is  placed  in  the  "open"  position,  you  are 
completing  a  circuit  from  the  sensor/controller  going  directly  to  a  ground* 

This  will  allow  power  to  take  the  path  of  least  resistance,  instead 
of  power  going  from  the  sensor /controller  to  the  valve,  it  will  go  directly 
to  the  ground.    This  will  allow  the  valve  to  sp-ing-load  to  the  open 
position,  increasing  air  flow  and  pressure  into  the  system.    This  can  be 
confirmed  by  monitoring  the  pressure  readout  of  T.P.  50. 
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Environmental  Pneudraulics  Branch 
Chanute  AFB,  Illinois 


C3ABR42331-WB-203A 


EQUIPMENT  AIR  CONDITIONING  SYSTEM  TROUBLESHOOTING 

OBJECTIVE 


Using  a  multimeter  and  wiring  diagram,  troubleshoot  the  equipment 
air  conditioning  system  trainer,  locating  3  out  of  4  troubles  correctly* 


EQUIPMENT 

Trainer  3305,  Fighter  Air  Conditioning 
Multimeter,  AN/PSM  37A 

PROCEDURE 

1.  Be  sure  all  your  jewelry  is  removed.    Report  to  the  lab 
instructor.    Tell  him  the  lesson  on  which  you  are  working.  The 
instructor  will  assign  you  to  a  trainer  and  give  you  the  necessary 
materials. 

2.  This  workbook  is  in  two  sections*    Section  1  is  to 
familiarize  you  with  the  location  and  operation  of  the  components 
of  the  equipment  air  conditioning  system.    Section  2  gives  the 
steps  you  will  use  to  make  an  operational  check  of  the  system  and 
also  lists  the  malfunctions  that  you  are  to  troubleshoot.    Do  e*ch 
step  a3  directed. 

Section  1.    EQUIPMENT  AIR  CONDITIONING  SYSTEM  COMPONENTS 

1.     Location  and  Identification  or  the  System  Components. 

a.     Use  figure  1  to  locata  each  of  the  numbered  items  on 
the  trainer c    Write  the  name  of  eaclt  of  the  numbered  components  in 
the  spaces  following.    As  you  locate  each  item,  notice  the  electrical 
checkpoints  next  to  them.    These  checkpoints  are  used  for  checking 
the  electrical  circuitry  when  troubleshooting. 


Supersedes  C3ABR42331-W3-203A,  9  Februar-  1983. 
OPR:    3370  TCHTG 
DISTRIBUTION:  X 

3370  TCHTG/TTGU-P  -  300;  DAV  -  1 
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(4)  

(5)  _  

(6)  

(7)  

(8)  

(9)  

Check  your  responses  with  the  answers  on  page  11. 

b.      Locate  the  following  items  on  the  trainer. 

Radar  cooling  reset  buttons. 

Radar  CNI  COOLING  OFF  lights. 

Warning  light  circuit  breaker. 

Landing  gear  circuit  breaker. 

Equipment  cooling  115V  AC  circuit  breaker. 

Equipment  cooling  28V  DC  circuit  breaker. 

Temperature  sensor  simulator  rheostat. 

Temperature  limiter  simulat  r  switch. 

Altitude  pressure  switch  simulator. 

Note:    On  the  trainer  Simulator  Control  Panel  there  is  a  guarded 
switch  next  to  a  rheostat.    You  will  use  this  switch  and  a 
multimeter  when  checking  the  resistance  of  the  sensor. 

When  the  switch  is  in  the  NORMAL  position,  the  temperature 
sensor  is  in  the  circuit  and  is  controlling  system  temperature. 
During  troubleshooting  if  you  want  to  chrsck  the  actual  sensor 
circuit,  you  must  have  this  switch  in  the  NORMAL  position. 

When  the  switch  is  in  the  TEST  position,  the  temperature  sensor 
is  not  "?n  the  circuit;  the  simulating  rheostat  is  i    the  circuit.  It 
is  used  to  simulate  sensor  resistance  changes  for  checking  the  proper 
operation  of  the  temperature  control  assembly  and  the  turbine  bypass 
valve. 
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(i) 

(2) 
(3) 
(4) 
(5) 
(6) 
(7) 

(8; 

(9) 
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2.  Trainer  Preparation. 

a.  Place  all  trouble  switches  to  the  OUT  position.  These 
switches  are  located  at  the  left  side  of  the  trainer. 

b.  Push  in  the  following  circuit  breakers: 

(1)  Landing  Gear  28V  DC. 

(2)  Equipment  Cooling  28V  DC. 

(3)  Equipment  Cooling  115V  AC  400  Hz. 

(4)  Warning  Lights  14/28V  AC. 

c.  Place  the  landing  gear  handle  in  the  GEAR  DOWN  position. 

d.  Place  the  sensor  simulator  switch  to  the  NORMAL  position. 

e.  Ensure  that  the  altitude  pressure  switch  is  set  to  above 
25,000  feet. 

f.  Place  the  trainer  power  switches  to  the  ON  position. 
These  switches  are  located  on  the  left  side  of  the  trainer. 

3.  Trainer  Operation. 

By  following  the  steps  listed  below,  you  will  operate  each 
component  of  the  equipment  air  conditioning  system.    Whenever  a  switch 
or  lever  is  used,  be  sure  to  notice  which  of  the  valves  operated  and 
position  of  the  valve  after  it  has  stopped.    From  your  observation 
of  the  trainer  operation,  complete  each  of  the  statements  by  circling 
the  correct  word. 

STEP  1.      Bleed  air  pressure  regulator  and  shutoff  valve  and  ram 
air  valve  operation. 

a.  Pull  the  equipment  cooling  28V  DC  circuit  breaker  out. 

(1)  The  pressure  regu?     ^r  and  shutoff  valve 

(opens/closep) . 

(2)  The  ram  air  valve  (opens/closes) . 

b.  Push  the  equipment  cooling  28V  DC  circuit  breaker  in. 

(1)  The  pressure  regulator  and  shutoff  valve 

(op  ms/closes) . 

(2)  The  ram  air  valve  (opens/closes). 

STEP  2.      Ground  cooling  ejector  shutoff  valve  operation. 

a.      Place  the  landing  gear  handle  in  the  GEAR  UP  position. 
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(1)    The  ground  cooling  ejector  shutoff  valve 

(opens/closes) . 

b.      Place  the  landing  gear  handle  in  the  GEAR  DOWN 

position* 

(i)    The  ground  cooling  ejector  shutoff  valve 

(opens/closes) . 

STEP  3.      Temperature  control  system  (turbine  bypass  valve) 
operation. 

a.  Since  this  system  is  completely  automatic 9  you  will 
have  to  simulate  temperature  changes  in  the  duct.    This  is  done  ty 
using  the  sensor  simulating  rheostat.    Turn  the  sensor  simulating 
rheostat  clockwise  to  the  full  cold  position.    Place  the  guarded 
selector  switch  to  the  TEST  position. 

(1)    The  turbine  bypass  valve  (opens/closes). 

b.  Turn  the  sensor  rheostat  counterclockwise  to  the 
full  Hot  position. 

(1)    The  turbine  bypass  valve  ( opens/ closes ) . 

c.  Return  switch  to  normal  position. 
STEP  4.      Temperature  limiter  operation. 

a.  Place  the  temperature  limiter  simulator  switch  to  the 
OVERHEAT  position. 

(1)  The  pressure  regulator  and  shutoff  valve 

(opens/closes) . 

(2)  The  ram  air  valve  (opens/closes) • 

(3)  The  CNI  COOLING  OFF  warning  light",  are  (on/off). 

b.  Place  the  temperature  limiter  simulator  switch  to  the 
normal  position.    Did  the  pressure  regulator  and  shutoff  valve  or  the 
ram  air  valve  operate?    (Yes/No) . 

c.  Press  either  reset  button. 

(1)  The  pressure  regulator  and  shutoff  valve 

(cpens/closes) • 

(2)  The  ram  air  valve  (opens /closes ) . 

(3)  The  CNI  COOLING  OFF  lights  are  (on/off). 


d.     Check  your  responses  with  answers  on  page  11. 
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4.      Sensor  Resistance. 


Caution:    All  power  to  trainer  must  be  off  before  you  use  the 
multimeter  as  an  ohmmeter  to  check  a  circuit.    Only  use  the  ohm 
portion  of  the  multimeter  to  check  the  sensor  and  the  sensor  circuit, 

a.  Before  you  can  make  an  operational  check  or  troubleshoot 
the  system,  the  normal  resistance  value  of  the  sensor  must  be  determined. 
To  make  this  resistance  measurement,  the  sensor  circuit  n&ist  be  isolated. 
To  isolate  the  sensor  circuit,  disconnect  the  AN  connector  attached  to 
the  temperature  control  assembly.    With  the  connector  disconnected  you 
wiJl  measure  only  the  sensor  resistance  at  the  sensor  checkpoints.  The 
checkpoints  are  lettered  A  and  C  on  the  temperature  control  assembly  test 
panel. 

Note:    The  sensor  simulating  selector  switch  must  be  in  the 
NORMAL  position. 

b.  The  resistance  of  the  sensor  is   

The  resistance  value  should  be  between  1500  and  3000  ohms. 


Section  2.    OPERATION  AND  TROUBLESHOOTING 

Operation 

1.  By  following  the  steps  in  Section  1,  you  became  familiar  with 
the  operation  of  each  component  in  the  system. 

2.  Before  you  can  troubleshoot  you  must  know  what  is  and  what  is 
not  working  properly  in  the  system.    To  do  this  you  must  perform  an 
operational  check.    The  operational  che^k  procedur    jhart  (figure  2), 
lists  the  planned  steps  that  are  used  to  make  an  c4  erational  check  of 
the  system.    Use  this  chart  to  become  familiar  with  each  step.  After 
you  are  sure  you  can  make  an  operational  check,  continue  to  the  trouble- 
shooting section.    Remember,  you  will  need  to  make  an  operational  check 
for  each  trouble.    DO  NOT  depend  on  your  memory.    Use  the  checklist  to 
be  100%  sure. 

Note:    The  -  juipment  air  conditioning  temperature  control  system 
is  fully  automatic.    This  makes  it  necessary  to  simulate  the 
operation  of  the  equipment  sensor  circuit,  when  you  make  an 
operational  check  or  troubleshooting  the  system  on  the  trainer. 
This  must  be  done  before  the  sensor  resistance  is  checked. 

3.  Another  step  that  you  must  check  when  performing  an  operational 
che^1:  of  the  Equipment  Air  Conditioning  System  that  is  not  on  the 

oper  tional  check  procedure  chart  is  listed  below. 

"When  performing  cn  operational  check  of  the  Equipment  Air 
Conditioning  System,  after  you  return  the  sensor  simulating 
switch  to  the  NORMAL  position,  place  the  altitude  pressure 
switch  to  the  "ABOVE  25,000  FT"  position  and  the  turbine 
bypass  valve  should  close.    Then  return  the  switch  to  the 
"BELOW  25,000  FT11  position  and  the  turbine  bypass  valve 
should  open." 
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POSITIONING  CONTROL  DEVICE 

.  OPERATING  VALVE  OR  LIGHT 

VALVE  POSITION 

Pull  out  the  equipment 
cooling  28V  DC  circuit 
breaker 

Pressure  Regulator  and 
Shutoff  Valve 

Ram  Air  Valve 

Closed 
Open 

Push  in  the  equipment 
cooling  28V  DC  circuit 
breaker 

Pressure  Regulator  and 
Shutoff  Valve 

Ram  Air  Valve 

Open 
Closed 

Move  the  landing  gear 
handle  to  the  GEAR  UP 
position 

Ground  Ejector  Valve 

Closed 

Move  the  landing  gear 
handle  to  the  GEAR 
DOWN  position 

^%                            m        «4   f                -                       mm  4 

Ground  Ejector  Valve 

Open 

Place  the  sensor 
simulator  switch  to 
test.    Rotate  the 
sensor  simulator 
rheostat  to  full 
counterclockwise 

Turbine  Bypass  Valve 

Open 

Rotate  the  sensor 
simulator  rheostat 
to  full  clockwise 

Turbine  Bypass  Valve 

i 

Closed  l 

i 

 1 

Place  sensor  simulator 
switch  to  NORMAL  and 
altitude  pressure  switch 
to  below  25,000  FT 

Turbine  Bypass  Valve 

Open  ! 

Place  altitude  pressure 
switch  to  above  25,000  FT 

Turbine  Bypass  Valve 

Closed 

Place  the  altitude 
pressure  switch  to 
below  25,000  FT 

Turbine  Bypass  Valve 

O^en 

Place  temperature  liaiiter 
simulator  switch  to 
overheat 

Pressure  Regulator  and 
Shutoff  Valve 

Ram  Air  Valve 

CNI  Cool  Off  Light 

Closed 
Open 

On  i 

Place  temperature  limiter 
simulator  switch  to  NORMAL 

No  Valve  Action 

Press  either  reset  button 

Pressure  Regulator  and 
Shutoff  Valve 

Ram  Air  Valve 

CNI  Cool  Off  Light 

Open 

Closed 
Off 

Figure  2.    Operational  Check  Procedure  Chart. 
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Troubleshooting 

1.      Before  going  through  an  actual  trouble,  let's  check  the 
turbine  bypass  valve  ciicuits  to  see  the  normal  indications  and  to 
learn  the  procedure  for  troubleshooting  the  system. 

a.  Use  the  wiring  diagram  mounted  on  the  trainer  to  trace 
the  circuits  required  to  operate  the  temperature  control  assembly. 
Trsje  from  the  equipment  cooling  28V  DC  circuit  breaker  to  pin  L  of 
the  tempera uure  control  assembly.    Trace  from  the  equipment  cooling 
115V  AC  circuit  breaker  to  pin  E  of  the  temperature  control  assembly. 
Trace  from  pins  J  and  F  of  the  temperature  control  assembly  to  ground. 
This  circuit  provides  the  necessary  power  for  operation  of  the 
temperature  control  assembly. 

b.  Place  the  sensor  simulator  switch  to  the  TEST  position. 

c.  Turn  the  sensor  simulator  rheostat  full  CLOCKWISE.  This 
simulates  an  increase  in  air  temperature.    A  signal  is  sent  by  the 
rheostat  to  the  control  assembly  demanding  cold  air.    This  will  cause 
the  COLD  transistors  to  conduct. 

d.  Use  the  trainer  diagram  to  trace  the  COLD  CIRCUIT  from 
pin  N  of  the  temperature  control  assembly  to  pin  B  of  the  turbine 
bypass  valve. 

e.  Use  the  multimeter  to  check  the  voltage  at  pin  B  of 
the  turbine  bypass  valve  checkpoint.    The  voltage  should  be  24  to 
28  volts.    Did  you  get  the  correct  voltage  reading?  

Note;    When  measuring  voltage,  be  sure  the  meter  is  set  to  the 
correct  voltage  range.    Make  sure  that  you  have  the  negative 
(black)  lead  to  ground.    Ground  on  the  trainer  is  any  point 

marked  with  a  ground      (  — ||j     )  symbol. 


f.  Tim  the  sensor  simulator  rheostat  full  COUNTERCLOCKWISE. 
This  simulates  a  decrease  in  air  temperature.    A  signal  is  sent  by  the 
rheostat  to  the  temperature  control  assembly  demanding  hot  air.  This 
will  cause  the  HOT  transistors  to  conduct. 

g.  Use  the  trainer  diagram  to  trace  the  HOT  circuit  from 
pin  M  of  the  temperature  control  assembly  to  pin  A  of  the  bypass  valve. 

h.  Check  the  voltage  at  pin  A  of  the  turbine  bypass  valve 
checkpoint.    The  voltage  should  be  between  24  to  28  volts.    Did  you 
get  the  correct  voltage  reading?   

i.  Return  sensor  simulator  to  normal  position. 


2.  There  are  12  malf unctions  for  you  to  troubleshoot .  The 
trouble  switch  you  are  to  use  for  each  problem  is  identified  on  the 
Troubleshooting  Response  Sheet. 

3.  For  each  problem,  perform  an  operational  check  to  find  out 
which  component  is  malfunctioning.    Enter  a  description  of  the  mal- 
function in  the  discrepancy  block  of  the  troubleshooting  response 
sheet. 

4.  Trace  the  electrical  circuits  that  operate  or  control  the 
malf uiictioning  component. 

5.  Use  the  multimeter  to  locate  the  cause  of  the  trouble. 

6.  Enter  in  the  discrepancy  block  of  the  Troubleshooting 
Response  Sheet  a  description  of  the  cause  of  the  malfunction. 

7.  The  first  trouble  will  be  analyzed  and  solved  with  you. 
You  will  do  the  rest  of  the  troubles  on  your  own. 

a.  Place  trouble  switch  number  1  to  the  IN  position. 

b.  Perform  an  operational  check  using  the  chart  in  figure  2. 

c.  As  you  went  through  tne  operational  check,  you  should 
have  found  that  the  turbine  bypass  valve  did  not  operate. 

d.  Make  the  following  statement  in  the  discrepancy  block 
of  the  Troubleshooting  Response  Sheet  for  Trouble  Switch  Number  1^  NOW. 

"Turbine  bypass  valve  did  not  operate" 

e.  Since  the  bypass  valve  will  not  operate  to  either 
position,  the  trouble  must  be  in  a  wire  or  component  that  is  common 
to  both  the  hot  and  cold  circuits.    Which  electrical  circuit  would 

cause  this  problem?           The  DC  and  AC  power  supply  circuits.    Use 

the  trainer  diagram  to  trace  the  AC  and  DC  power  supply  circuits  from 
the  circuit  breaker  to  the  temperature  control  assembly. 

f.  Check  the  DC  power  supply  circuit  with  the  multimeter. 
You  should  get  a  voltage  reading. 

g.  Check  the  AC  power  supply  circuit.    You  did  not  get 
a  reading,  did  you?    This  reans  there  is  an  open  in  wire  H33A20. 

h.  Hake  the  following  statement  in  the  malfunction  cause 
block  of  uhe  Troubleshooting  Response  Sheet  for  Trouble  Switch 
Number  1  NOW. 

"Open  in  wire  H53A20" 

i.  Place  trouble  switch  number  1  to  the  OUT  position  and 
continue  with  the  assigned  problems.    Use  the  Troubleshooting  Response 
Sheet  to  record  the  malfunction  and  malfunction  cause  for  each  problem. 
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8*      The  lab  instructor  will  constantly  be  evaluating  your  progress. 
After  you  have  completed  this  troubleshooting  section  check  your  answers 
with  the  lab  instructor ♦ 

The  correct  responses  to  the  location  and  identification  of 
system  components: 

(1)  Bleed  Air  Pressure  Regulator  and  Shutoff  Valve, 

(2)  Ground  Cooling  Ejector  Shutoff  Valve. 

(3)  Turbine  Bypass  Valve. 

(4)  Temperature  Sensor. 

(5)  Temperature  Limiter. 

(b)    Temperature  Control  Assembly. 
(J)    Altitude  Pressure  Switch. 

(8)  Ram  Air  Valve. 

(9)  Landing  Gear  Handle. 

The  correct  responses  to  Trainer  Operation* 

STEP  1. 

a.  (1)  closes 
(2)  opens 

b.  (l)  opens 
(2)  clo3es 

STEP  2. 

a.  closes 

b.  opens 

STEP  3. 

a.  closes 

b.  opens 

STEP  4. 

a.  (1)  closer 

(2)  opens 

(3)  on 

b .  no 

c.  (l)  opens 
(2)  closes 
(3;  off 

If  your  anb.^rs  do  not  agree,  check  with  your  instructor.  If 
your  answers  agree,  then  the  trainer  is  operating  properly. 
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TROUBLESHOOTING  RESPONSE  SHEET 


TROUBLE 

SWITCH 

NUMBER 

DISCREPANCY 

CAUSE 

1 

2 

3 

- 

ti 

5 

6 

7 



8 

9 

10 

— —  _ 

11 

12 
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